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S U M M A R Y
A new synthesis of the racemic forms of four 
methoxy substituted phenanthroindolizidines has been 
accomplished# The structures of two of the synthetic 
products, the tetramethoxy substituted bases (¿)~ 
tylocrebrine (xXXlld) and (1)- tylophorine (xXXllc), were 
confirmed by direct comparison with the naturally 
occurring alkaloids whilst the spectroscopic data and 
physical constants of the trimethoxy base (xXXllb) were 
in agreement with those published for (-)-antofine and 
(-)-antofine. The fourth synthetic base, the dimethoxy 
substituted phenanthroindolizidine (XXXlla), was new and 
its proposed structure was confirmed by standard analytical 
and spectroscopic methods.
In the course of this work, a new synthesis of 
substituted phenanthrene-9-carboxylie acids was developed. 
The procedure, which involves diazotisation of 2-amino- 
trans- Q(-phenylcinnamic acids thence cyclisation induced 
by sodium iodide, is superior to the Pschorr synthesis 
in all cases where the ensuing phenanthrene-9-carboxylic
acid carries one or more substituents
New procedures were also developed for:-
(I) the N-alkylation of benzyl-L-prolinate with 
9-chloromethylphenanthrenes thus eliminating the 
inconsistencies encountered by previous workers and
(II) the conversion of the benzyl-L-prolinates 
(XXVllla,b ,c,d) to the proline derivatives (XXlXa,b ,c,d) 
by a hydrogenolysis reaction leaving the simultaneously 
present tertiary benzyl amino group unaffected.
Polyphosphoric was found to be the preferred and 
most efficient reagent for the cyclisation of the proline 
derivatives (XXlXa,b ,c,d) to the phenanthroindolizidinones 
(XXXa,b ,c,d). The reaction is temperature dependent and
gives the best yields at 90 — 2 . Conversion of these 
ketones to the phenanthroindolizidines (XXXlla,b ,c,d) was 
achieved in good yield by sodium borohydride reduction of 
their tosyl hydrazides.
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A, HISTORY AND DISTRIBUTION OF THE PHENANTHROINDOLIZIDINE 
ALKALOIDS
The genus Tylophora is one of* over 3^0 genera
belonging to the family Asclepiadaceae. This large family
contains over 1,700 species relatively few of which have
1 2been shown to contain alkaloids. ’ For example,
3nicotine (l) has been isolated from Asclepias syriaca ,
both Cryptolepis triangularis and Cryptolepis sanguinolenta
/ \ ¿j. 3yielded cryptolepine (11) ’ and Morrenia brachystephama
yielded morrenine • Members of the genus Tylophora are 
slender vines which are distributed over a wide area 
consisting of the Indian sub-continent, Indonesia, the 
Philippines and Northern Australia. The vines possess 
varying degrees of vesicant activity and occasionally enjoy 
a reputation as valuable herbal remedies.
The first mention of alkaloids from Tylophora indica 
(formerly T. asthmatica) came from Hooper^ who, in 1891, 
isolated a small amount of crystalline basic material 
insufficient for adequate characterisation. Re-examination
7of the same plant by Ratnagiriswaran and Vencatachalam 
yielded two alkaloids; tylophorine and tylophorinine which 
were assigned the molecular formulae C24H27N0  ̂3X1(1 
C23H27^°k respectively. Chopra and co-workers8 also
3 0009 02987 5395
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Alkaloids from the family Asclepiadaceae
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obtained tylopborine from T. indica together with a second
lower melting base which was not further characterised.
. 9 10 11 Finally, Govindachari and co-workers ’ 9 isolated and
purified both tylophorine and tylophorinine from T. indica
and proceeded with the determination of their structures.
They revised the molecular formula of tylophorinine to 
12CooHot,N0. and confirmed their proposed structures by the 2j 23 Lr 12synthesis of tylophorine (ill) in 1961 and tylophorinine 
(IV) in 1965.
From the related North Queensland vine, Tylophora
15crebriflora, Gellert et al isolated tylophorine and an 
isomeric, new alkaloid, tylocrebrine (v) and in 1962
. 15described a synthesis of racemic tylocrebrine.
Further studies concerning the genus Tylophora
l6have been carried out by Rao and Wilson who have 
re-examined T. crebriflora and T. indica and for the first 
time have investigated T. dalzellii and T. hirsuta. By a 
countercurrent distribution technique followed by column 
chromatography, seven new alkaloids, designated A, B, C,
D, E, F and G, together with tylocrebrine and tylophorine 
were isolated from T. crebriflora. By the same technique, 
T. indica was shown to contain not only tylophorine and 
tylophorinine, but three further new alkaloids designated 
C1, D1 and E1. T. dalzellii revealed only two alkaloids, 
the major and minor one being identical to alkaloids C
-6-
and E , respectively, contained in T. indica. In the case 
° T *  hirsuta, tylocrebrine, tylophorine and the alkaloids 
A, B, C and D, identical with those obtained from 
T. crebriflora, were isolated. Significantly, the two 
plants T. hirsuta and T. crebriflora have an almost 
identical pattern of alkaloids but distinctly different 
habitats, as the former species derives from the Indian 
subcontinent while the latter derives from Australia.
This highlights the close relationship existing between 
the two species.
All of the alkaloids except compound F from 
T. crebriflora possess the phenanthroidolizidine skeleton, 
the variations arising from the number and relative 
position of the methoxyl substituents, the extent of 
methylation and whether or not a benzylic hydroxyl group, 
as in tylophorinine, is present. Alkaloid F appears to 
be identical to the lower melting base isolated by 
Chopra.^
Alkaloids possessing the phenanthroindolizidine
skeleton are not restricted to the genus Tylophora. An
alkaloid, antofine (Vl), isolated from Vincetoxicum
17 .officinale by Pailer and Streicher, from Antitoxicum
18funebre by Platonova et al and recently from Cyan chum
19vince toxi cum by Wiegrebe et al, has been shown to
possess this ring system In the latter species, antofine
-7-
FIGURE 3
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occurs concurrently with tylophorine and a demethylated
derivative oF antofine (Vll)© Further, the phenanthro-
indolizidine skeleton is not restricted to the Family 
. 20Asclepiadaceae as Russel has isolated From Ficus septica 
(Family Moraceae), tylocrebrine, tylophorine and the 
secophenanthroindolizidine alkaloid septicine (Vlll)© The
latter, considered to be identical to alkaloid F From
l6 8T. crebriFlora and Chopra?s lower melting base , is
probably a biogenetic intermediate oF the Former two
alkaloids ©
B. RELATIONSHIP OF THE ALKALOIDS TO CRYPTOPLEURINE AND 
THEIR BIOGENESIS
The phenanthroindolizidine alkaloids bear a close 
structural relationship to the phenanthroquinolizidine 
alkaloid cryptopleurine^ 9 ̂  9 ̂  (IX) isolated From
Cryptocarya pleurosperma, White and Francis (Family
s 2kLauraceae), Boehmeria platyphy11a and Boehmeria
cylindrica  ̂ (Family Urticaceae), three species botanically
unrelated to the genus Tylophora. The alkaloids
cryptopleuridine (Xl) and cryptopleurospermine (Xll) were
recently isolated by Johns and co-workers2  ̂From
C# pleurosperma© The complete list oF alkaloids isolated
From the three species is shown in Figures 3 and 4.
-9-
FIGURE 4
Alkaloids from Boehmeria platyphylla and Boehmeria cylindrica
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Because of the close structural similarity existing 
between cryptopleurine and the Tylophora alkaloids, it 
may be expected that the biogenetic pathways of the 
alkaloids are also closely related. The first scheme
for the biosynthesis of cryptopleurine was proposed by
27 . . .Robinson who suggested that the alkaloid originated
from two tyrosine units and one lysine unit, but who
offered no mechanistic support for this pathway. Later,
28Marchini and Belleau extended Robinson1 2*s ideas by 
proposing the mechanism outlined in figure 5«
It was left to Wenkert ' to propose the now generally
accepted pathway shown in figure 6. The validity of
this scheme is strengthened by the fact that alkaloids
closely related to intermediates in the pathway have been
isolated from plants containing cryptopleurine. Firstly,
pleurospermine (x) and O-methylpleurospermine (Xlll),
related to the intermediate (XVl) have been isolated from
30 3 1.C. pleurosperma and B. platyphylla respectively. 9 *
Secondly, a secophenanthroquinolizidine alkaloid (XIV) 
related to the intermediate (XVll) was isolated from
2 ¿4. .B. platyphylla and an incompletely characterised base
(XV), also related to (XVll) was isolated from
B. cvlindrica. T h e  cyclisation of intermediates of
the type (XVll) by an oxidative coupling mechanism has
been discussed by Barton^ and recently, a synthesis of
-II-
FIGURE 5
Biogenesis of Cryptopleurine as proposed by 
Marchini and Belleau
Tyrosine
I Lysine
f
-12-
FIGURE 6
Biogenesis of cryptopleurine as proposed by Wenkert
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cryptopleurine based on these biogenetic lines has been
33achieved by Pauson and co-workers.
The isolation of the secophenanthroindolizidine
/ x 20alkaloid septicine (Vlll) from Ficus septica and
16T, crebriflora presented good evidence for the
correlation of the biosynthetic pathways of the Tylophora
34 .alkaloids and cryptopleurine. The suggested scheme is
1outlined in figure 7* The A  -pyrrolideine (XIX) is
q Kderived from the amino-acid ornithine-̂ (xVlll) while 
the aromatic moiety derives from tyrosine and 3?4-dihyroxy- 
phenylalanine or their equivalents as is the case with 
cryptopleurine. One alkaloid, septicine, related to 
intermediate (XX) can be cited in support of this scheme.
C. PHYSIOLOGICAL ACTIVITY OF THE TYLOPHORA ALKALOIDS
Early work on the pharmacology of tylophorine was 
carried out by Chopra who determined that the alkaloid 
has a paralysing action on heart muscle but a stimulating 
effect on the muscle of blood vessels. It is lethal to 
frogs at a dose of 0.4 mg./kg. but is only slightly toxic 
to mice and guinea pigs.
-15-
In tests carried out lor the National Cancer 
Institute of the U.S.A., tylocrebrine showed a significant 
and consistent activity against L1210 leukaemia in mice 
at a dose level of about 10 mg*/kg. of body weight with 
an LD 50 of 50 mg./kg.^
The toxicity of the tylocrebrine in humans has not 
been determined but tests on dogs and monkeys have 
indicated that the dose limiting form of toxicity will 
be depression of the level of bone marrow and reduction 
in the number of leucocytes and platelets in the blood*
In these two animals, the maximum tolerated daily dose 
was found to be 0*25 mg*/kg. and 0*5 mg*/kg. respectively.
l6Rao and Wilson, who have examined all the alkaloids 
isolated from T. indica, T* crebriflora, T. hirsuta and 
T. dalzellii for physiological activity, found that most 
of the alkaloids which retained the phenanthroindolizidine 
skeleton showed cytotoxic behaviour against Hela cells 
grown in culture, by the inhibition of cell division. This 
cytotoxicity varied with the number and relative position 
of methoxyl substituents and whether or not a benzylic 
hydroxyl group was present at carbon l4. For example, 
tylophorine is much less active than tylocrebrine, which, 
in turn, is less active than l4-hydroxytylocrebrine. It 
also appears that alkaloids which are not completely
FIGURE 8
Synthesis of phenanthnoindolizidine
I
Her»
LiAlH^ 1
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methylated are more active than those which are fully 
methylated. Thus, desmethyltylocrebrine is more active 
than tylocrebrine and alkaloids which have both phenolic 
and benzylic hydroxyl groups, exhibit the greatest 
cytotoxicity. The cytotoxic behaviour of the alkaloids 
does not parallel their activity against L1210 with 
respect to dose or degree, but alkaloids which are cytotoxic 
are generally active against L1210.
o oRecently, Atkinson and co-workers^ have shown that 
tylocrebrine, tylophorine and cryptopleurine inhibit the
1-14 1incorporation of I CJ - leucine into protein in Ehrlich
-7ascites-tumor cells in a concentration as low as 10 M. 
Since there is no evidence that the alkaloids inhibit
O OR.N.A. synthesis at these concentrations, Atkinson et ar 
have considered the possibility that the alkaloids compete 
for sites in protein-synthesizing systems of animal and 
plant cells.
D. PREVIOUS SYNTHESES OF PHENARTHROINDOLIZIDINES AND 
PHENARTHROQUINOLIZIDINES
The earliest synthesis of the phenanthroindolizidine
ring system (XXll) was achieved by Govindachari and 
10  .co-workers in 1958, who devised the scheme outlined in
FIGURE 9
Synthesis of Tylophorine
OCH3
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f igure 8. However, in a later attempt to apply tills
method to the synthesis of tylophorine , these workers
found that condensation of 2,3?6,7-tetramethoxyphenanthrene-
9-carboxaldehyde with the nitrobutanol derivative (XXl),
yielded a complex mixture of unidentified products which
did not include the required nitropentene. This difficulty
was overcome by a complete change of approach and in 1961
13Govindachari and co-workers published their successful
synthesis of racemic tylophorine, as outlined in figure 9*
Resolution to natural tylophorine was achieved through
the ( + )-camphor-10-sulphonic acid salt. This approach
15was successfully adapted by Gellert et al for the 
synthesis of racemic tylocrebrine.
However, a new approach was needed for the synthesis
of tylophorinine in order to include the l4-hydroxy group.
The synthesis of (t)-cryptopleurine by Marchini and Belleau
provided a route by which this hydroxyl function could be
14introduced and in 1965 Govindachari and co-workers
succeeded in synthesising tylophorinine (figure IO), using
a variation of Marchini and Belleau1s scheme. In a
further modification of this synthesis, Chauncy, Gellert 
3 9and Trivedi have synthesised the unsubstituted rxng 
system (XXll) by reduction of the unsubstituted 
phenanthroindolizidinone (cf. XX111, fig. 10) by the 
Huang-Minion variation of the Wolff-Kishner method.
28
FIGURE IO
Synthesis of Tylophorinine
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In an extension of th-eir studies on aromatic 
cyclodehydration, Bradsher and Berger^ have succeeded 
in synthesising racemic cryptopleurine by an acridizinium 
ion synthesis# However, this technique has not yet been 
extended to the synthesis of the phenanthroindolizidine
alkaloids
-22-
T H E O R E T I C A L
A. AIMS AND PROPOSED SYNTHETIC ROUTES
The syntheses of the phenanthroindolizidines outlined
in figures 8, 9 and 10 all suffered from the disadvantages
that the overall yields were poor, the methods employed
were not practical outside the laboratory and the final
products were racemates, thus necessitating an additional
step to effect resolution. In the published syntheses of
. 13 15 . . .tylophorine and tylocrebrine, ’ optically inactive
starting materials were used, but for the synthesis of 
tylophorinine’̂  and the parent ring system,^ the readily 
available L-(-)—proline was utilized. However, 
racemisation occurred in the polyphosphoric acid cyclisation 
stage and again, the final product was optically inactive.
The promising anti—leukaemia activity of tylocrebrine 
suggested that other phenanthroindolizidines and their 
synthetic intermediates may possess this important property. 
The aim of the project, therefore, was to investigate the 
possibility of synthesising the naturally occurring 
alkaloids and their variously substituted analogues by a 
technique that would be suitable for adaptation to large 
scale manufacture. This would enable a systematic study 
of the physiological activity of the compounds in relation 
to their structure and substitution pattern to be carried
out.
-24-
FIGURE 11
Proposed synthesis of phenanthroindolizidines
XXVIII XXVII XXVI
a. Ri = R 2 = R3 ~ H
b. Ri = R3 = h ,r 2 = o c h 3
c . Ri
IICMf%II OCH3 ,R3 = H
d . Ri = H ’ R2 = = o c h 3
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The proposed synthetic route was to follow the well
. 41 42established Pschorr synthesis 9 for the preparation of 
substituted phenanthrene-9-carboxylic acids, thence 
reduction, chlorination and condensation with benzyl-L— 
prolinate. Subsequent hydrolysis or reduction of the 
resulting ester would, it was hoped, then allow cyclisation 
to form the final ring, using a reagent which would 
preserve the optical activity introduced through 
L-(-)-proline. Most of the developmental work was carried 
out using 2,3-dimethoxyphenanthrene-9-carboxylie acid and 
its derivatives because of the ready availability and 
cheapness of starting materials and the belief that this 
system would be typical of all methoxy substituted 
phenanthrene derivatives# An outline of the proposed 
synthetic pathway, commencing from the substituted 
phenanthrene-9-carboxylic acid is shown in figures 11 and 
12. These figures show also, all of the substitution 
patterns which were fully investigated in the present work 
and indicate that, after N-phenanthr-9-ylmethylation of 
benzyl-L-prolinate (XXVll), two alternative pathways 
(l and 11) were considered. Before elaboration of these 
schemes, however, a full discussion of the preparation of 
the substituted phenanthrene-9-carboxylic acids is
necessary
-26-
FIGURE 12
Proposed synthesis of phenanthroindolizidines
a. Ri = R2 = R3 = H
b. = H,R2 = OCH„
c. Ri = R 2 = OCH^.Ro = H
d. Rĵ  = H,R2 = R^ = OCH„
27-
FIGURE 13
The new variation of the Pschorr synthesis
2
1. D i a z o t i s a t ¡ o n
c o 2h
D , Na I
Re
Ó J XXXVI
Re XXXVII Re
All R = H unless otherwise specified«>
a. All R = H f. R_ 5 = R6 = OCH^, = CH
b • R3 = och3 g« Ro = R 5 = R6 = och3
c. R1
¡iToii h. R^ = R 3  = R5 = R6 = 0CR3
d. R3 = ch3 3 • = = R5 = R6 = oc«3
e . R5 = = OCH„ 6 3
B THE NEW SYNTHESIS OF PHENANTHRENE-9-CARBOXYLIC ACIDS
The commonly used method for the preparation of
substituted phenanthrene-9-carboxylic acids, known as the
4l 42Pschorr synthesis, 9 proved to be unsatisfactory in 
most cases investigated in connection with this project® 
All reactions in the sequence shown in figure 13 occurred 
readily and in good yield until the final ring closure by 
means of copper powder acting upon the diazotised 
2-amino-trans- -phenylcinnamic acids. This step was 
found wanting on several points
(I) The yields of phenanthrene-9-carboxylic acids 
were variable and generally lower than those cited by
4iLeake•
(II) The time taken for decomposition of the 
diazonium salt by copper powder was excessive in most 
cases® At least sixteen hours at room temperature were 
required for some diazonium salts while others required 
two to three days for complete decomposition® All attempt 
to increase the rate of cyclisation by heating failed to 
improve the yields of phenanthrene-9-carboxylic acids.
(ill) As the number of methoxyl substituents in the 
phenylacetic acid moiety increased, so the yields of 
phenanthrene-9-carboxylic acid decreased.
-29-
A variation in the Pschorr synthesis in which the
final ring closure by copper powder was replaced by a
reaction or short series of reactions which eliminated
the shortcomings outlined above was obviously needed.
An indication as to what was to be the most suitable
procedure was given by the synthesis of the phenanthrene
43derivative, aristolochic acid, by Kupchar* and Vormser, 
who abandoned the normal copper powder ring closure and 
utilized the known photocyclisation of ortho-iodostilbenes
44,45m  the preparation of the phenanthrene nucleus• 7
This approach seemed very suitable for the series of 
compounds under investigation because of the apparent 
ease of converting the easily prepared 2-amino-trans-o<- 
phenyl cinnamic acids (XXXVl) to the corresponding 2-iodo- 
trans— p<-phenylcinnamic acids. Irradiation of the iodo-
acid or its methyl ester with U.V. light, as in the 
synthesis of aristolochic acid, was then expected to 
yield the required phenanthrene-9-carboxylic acid derivative.
To test the reaction series, 2-amino-4,5-dimethoxy- 
trans- -phenylcinnamic acid (XXXVle) was diazotised in 
acetone solution with isopentyl nitrite and replacement 
of the diazonium group with iodine was attempted using 
sodium iodide. However, only a small yield (ca 15$>) of 
the expected 2-iodo-4,5-dimethoxy-trans-o(-phenylcinnamic 
acid (XXXlXa) was produced, the greater proportion (ca 70^)
TABLE 1
P r e p a r a t i o n  o f  p h e n a n t h r e n e - 9 - c a r 'b o x y l i c  a c i d s
Substituents in 2-amino­
ci -phenylcinnamic acids
Substituents in 
p he nanthrene-9- 
carboxylic acids
YIELD ($)1, Nal 2. Pschorr 
Method Method
Reference 
to Pschorr 
Method
NOME (XXXVIa) NOHE (XXXVTIa) 70 93 46
41 -OCH? (t) 6-0CH_5 (*) 73 50 47
21 -cel (c) 8 -CHV 5 (c) 65 60-70 48
41 -ch3 (a) 6 -CH, 5 (a) 75 20-70 49
4,5- (och3)2 (e) 2,3 -(OCH3)2 (e) 72 50-60 50
4,5- (OCH,)2-41-CEL5 (f) 2,3 -(OCH3)2-6CH3 ( f) 60 -
-
4,41,5 -(och3)2 (g) 2,3,6 -(OCH3)3 (g) 60 55 40
31,4,41,5- (och3̂ 4 (h)
2,3,6,7 /oph Ì 2,3,5,6 -̂ 0CV 4
(h)
( j )
32 \49 17 )̂ 1 5 125 10 ) 3 10
-31-
oT the yield being 2,3-dimethoxyphenanthrene-9-carboxylic 
acid (xXXVlle). Since the decomposition of 4,5-dimethoxy- 
tranS" ol—phenylcinnamic acid-2-diazonium hydrogen sulphate 
by sodium iodide was practically instantaneous, and the 
yield of4 2,3-dimethoxyphenanthrene-9-carboxylic acid 
significantly greater than that which could be obtained by 
the conventional Pschorr technique, the general applicability 
of the reaction to the synthesis of substituted phenanthr ene - 
9—carboxylic acids was examined. The results axe shown in 
table 1 and confirm that the reaction is of general 
applicability in the synthesis of methoxyl and methyl 
substituted phenanthrene-9—carboxylic acids* In all cases, 
decomposition of the diazonium hydrogen sulphate by the 
action of sodium iodide was instantaneous and the yield 
(except in the case of the unsubstituted acid) was greater 
than that obtained by the Pschorr method.
The iodo-acid (XXXlXa), produced as a minor product 
in the sodium iodide initiated cyclisation of the diazotised 
amino-acid (XXXVle), was used to improve the overall yield 
of the phenanthroic acid (XXXVlle). The methyl ester of 
(XXXlXa), prepared from the acid by treatment with 
diazomethane, was cyclised to methyl 2,3—dimethoxyphen— 
anthrene-9-carboxylate in cyclohexane solution by the 
action of U.V. light, in 60$ yield over three hours.
-32-
Although, no attempts were made to isolate other 
2-iodo- 0(-phenylcinnamic acids, there is no doubt as to
test). Together with the rapidity of decomposition of
the diazonium salts and the common major products, this
suggested a common mechanism for the reaction series.
Taking into account the similarity of the reaction to the
Pschorr synthesis and to the replacement of a diazonium
group with iodine, a number of possible mechanisms could
be considered. Firstly, in a review of the Pschorr
42synthesis, DeTar pointed out that the copper catalysed 
Pschorr ring closure could take place by a free radical 
mechanism although definite proof was not available.
This suggestion found some support in the fact that the 
reduction of diazonium salts with hypophosphorous acid is
51a free radical chain reaction initiated by copper.
52 .Furthermore, Waters regarded the displacement of the 
diazonium group by iodide as a free radical reaction which 
could be represented as shown in figure l4^
their presence in the crude reaction product (Beilstein
2. Ar* + I” — * Ar_  I +e
3
Figure 14. Displacement of the diazonium group by Iodide
-33-
and the mechanism could easily be extended to include 
the ring closure 0 On replacement of the hydrogen sulphate 
anion with iodide by the addition of sodium iodide, 
competition between the cyclisation reaction, where the 
aryl radical reacted with the ct* -phenyl group, and 
displacement of the diazonium group by iodide, was initiated. 
The product distribution was in favour of cyclisation, 
apparently because of the close proximity of the -phenyl 
ring held in position by the trans disubstituted double 
bond.
k2Secondly, DeTar pointed out that the thermal
decomposition of benzophenone-2-diazonium hydrogen sulphate
yielded quantitatively, 65$ fluorenone and 35$ 2-hydroxy-
53benzophenone as the only two products. These products
were ascribed to two competing ionic displacement reactions 
involving the diazonium group. One, which was intramolecular, 
involved nucleophilic attack by the c?< -phenyl ring to form 
the fluorenone while the other involved nucleophilic attack 
by water to form the benzophenone derivative. If the ring 
closure with sodium iodide took place by this mechanism, 
again, two simultaneous and competing reactions would be 
possible. Either nucleophilic attack by the <K -phenyl 
ring to form the phenanthrene derivative or nucleophilic 
displacement of the diazonium group by iodide would take 
place. However, because the sodium iodide induced
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decomposition took place rapidly in ice cold solutions, 
in contrast to the decomposition of benzophenone-2- 
diazonium hydrogen sulphate, it seemed unlikely that this 
mechanism played a significant role in the formation of 
the phenanthrene-9-carboxylic acids in dipolar aprotic 
solvents. The heterolytic mechanism seemed more likely 
however, when the reaction was carried out in aqueous 
solution because of
(I) the low yield of phenanthrene-9-carboxylic 
acids,
(II) the much greater but still low yield of the 
corresponding 2-iodo— o<-phenylcinnamic acid and
(ill) the need for heat to complete the reaction.
54Thirdly, it was shown by Kessar et al that
phenanthrene-9-carboxylic acid may be synthesised from
2 —chi or o-t ran s — o<,-phenyl cinnamic acid in liquid ammonia
by the action of potassium amide. These workers proposed
that the reaction took place via a benzyne intermediate
and, in support of their proposal, they cited the already
known formation of benzyne from the thermal decomposition
55 56 57of benzenediazonium-2-carboxylate in aprotic solvents. ’ ’
In this reaction, the benzyne was successfully trapped by 
the addition of anthracene, to form tryptycene. In the 
sodium iodide initiated ring closure, however, no significant
-35-
F IGURE  IS
Decomposition of N-methylbenzanilide—2-diazonium
fluoroborate with HI.
XXXVI I I
35 X  45 %
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reduction in the yield of1 phenanthrene-9-carboxylic 
acid was observed when anthracene was present in the 
reaction mixture (the recovery of anthracene was also 
essentially quantitative), thus eliminating a benzyne 
intermediate in the reaction.
A free radical mechanism for the cyclisation was
58further supported by Hey et al in their work on the 
decomposition of N-methyTbenzanilide-2-diazonium 
fluoroborate by hydrogen iodide to form N-methyl- 
phenanthridone. These workers proposed the mechanism
shown in figure 15 to account for the two major products; 
the above phenanthridone and the spiro-diene (XXXVTII).
It is proposed therefore, by analogy with this 
mechanism, that the sodium iodide initiated ring closures 
take place by the mechanism shown in figure l6. No 
product (XL), analogous to the spiro-diene (XXXVlll), was 
isolated in any of the sodium iodide ring closures although 
its presence in small amounts could not be ruled out as a 
search for it was not specifically made.
The reduction in the yield of substituted 
phenanthrene — 9—carboxylic acids as the number of methoxyl 
groups on the O^-phenyl ring was increased could not be 
explained by a free radical mechanism. The lowest yield
of phenanthroic acid was obtained from the reaction of
F I G U R E  16
The sodium iodide induced cyclisation
I
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o(-(3 ,4-dimethoxypheny1)-4,5-dimethoxycinnamic acid-2-
diazonium hydrogen sulphate with sodium iodide (total
yield 50$). A low yield of 25$ had also been reported
for the copper powder decomposition of this diazonium 
10salt «
In this diazonium salt, two possible cyclisation
positions were available, i.e. cyclisation ortho to one
methoxyl group and meta to the other to form the 2,3,5»
6-tetramethoxy acid or cyclisation meta to one methoxyl
group and para to the other to form the 2 ,3 96,7-tetramethoxy
isomer. In experiments on the free radical phénylation
of anisole and most other mono-substituted benzenes, it
was found that ortho substitution was generally greater
59than the total meta and para substitution. If this was
the dominant factor here, then the 2,3 , 5* 6-isomer should 
be the predominant product. However, the yield of the
2 93 i6,7-tetramethoxy isomer exceeded that of the 2,3,5? 
6-isomer (30$ compared to 18$). This was possibly 
caused by steric hindrance to cyclisation at the six 
position of the -phenyl ring, as was suggested by the 
examination of models and by the non-cyclisation of 
2-amino- 0<-(2 -bromo-5-methylphenyl)-3-methylcinnamip acid.
In this last compound, it appears that the spatial 
requirement of the two methyl groups was sufficient to
6 oblock the cyclisation completely.
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C. N-ALKYLATION OF BENZYE—L— PRO LINATE
1o Reduction of the phenanthroic acids and chlorination
Before consideration of the N-phenanthr—9-ylmethylation
of benzyl-L-prolinate, some reference must be made to the
reduction of the substituted phenanthrene-9-carboxylic
acids to the corresponding substituted methanols
(XXVa,b,c and d). Previous to this work, similar
reductions were effected through the methyl ester by
lithium aluminium hydride. For the present work, however,
this method was considered unnecessarily long and expensive
and diborane reduction of the carboxylic acid was utilized
61instead. Provided the reaction temperature was kept
between 5 and 15° and only a ca 20fo molar excess of 
diborane was used, the reduction was far superior to that 
by lithium aluminium hydride. However, if a large molar 
excess of diborane was used (3-5 molar excess) and the 
reaction temperature was allowed to rise above 30°, 
complete reduction of the acid function to a methyl 
group occurred. In the case of 2,3-dimethoxyphenanthrene- 
9-carboxylic acid, reduction took place in near 
quantitative yield to give 2,3—dimethoxy-9-methyl- 
phenanthrene. This procedure was a significant improvement 
on the five step conversion of the same acid to 2,3-
dimethoxy-9-methylphenanthrene employed by Cook et al9 
whose product melted at 130-131°•
6 2
The product from the
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diborane reduction, in the present work, melted at 
143-4° but was adequately characterised as the 9—methyl 
derivative by examination of its n.m.r. spectrum which 
showed the presence of seven aromatic protons, two aromatic 
methoxyl groups, one aromatic methyl group and no other 
signals. Analytical results were also consistent with 
this structure.
Conversion of the substituted methanols to the 
corresponding methyl chlorides (XXVla,b,c and d) was 
carried out in all cases without complications by the 
action of thionyl chloride and pyridine in chloroform 
solution. The structures of the chlorides were confirmed 
by examination of their n.m.r. spectra which clearly showed 
the presence of a two proton singlet at r  5 .0k to 5.13 
(calc. 5 *3 9), assigned to the benzylic protons, together 
with the appropriate number of aromatic and methoxyl 
protons•
2 o N-Alkylation
The preparation of benzyl-N-2,3-dimethoxyphenanthr- 
9-ylmethyl-L-prolinate (XXVllla) presented difficulties 
not foreshadowed by previous work since Govindachari 
et al1^ had shown that the condensation of 9-chloromethyl-
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3,6,7-trimethoxyphenanthrene and methyl-L-prolinate in 
refluxing dioxan in the presence of anhydrous potassium 
carbonate took place readily and in good yield. This 
observation was supported by Craig^"^ who condensed both
1-chloromethylnaphthalene and 9-chloromethylphenanthrene 
with methyl-L-prolinate under identical conditions.
However, all attempts to repeat this reaction with 
9-chloromethyl-2,3-dimethoxyphenanthrene (XXVla) and 
benzyl-L—prolinate (XXVll) under the above conditions 
either failed completely or gave poor yields of the required 
N-alkylated ester. In the present work, benzyl-L-prolinate 
was used in preference to methy1-L—prolinate because:-
(P methyl-L-prolinate hydrochloride was difficult 
to crystallise whereas the benzyl ester was easy to 
prepare and crystallise as its hydrochloride and
(ll) the methyl ester was very sensitive to 
hydrolysis.
6kIt was shown by Davy that benzyl-L-prolinate could 
be successfully N-alkylated by 9-chloromethylphenanthrene 
in absolute methanol in the presence of anhydrous 
potassium carbonate. In addition, he also showed that 
during the condensation, transesterification took place 
and the product isolated was methy1—N—phenanthr—9— 
ylmethyl-L-prolinate and not the corresponding benzyl ester.
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Unfortunately, when these conditions were applied to
9 - chi oromethyl-2,3—dime thoxyphenanthrene (xXVla) and
benzyl-L-prolinate, no N-alkylated ester was formed.
Instead, a good yield of the methyl ether of 9—hydroxymethyl
2,3-dimethoxyphenanthrene (XXVa) was obtained. Furthermore
13Govindachari et al had shown that condensation of 
9-chloromethyl-2,3 * 6,7-tetramethoxyphenanthrene (XXVla) 
with methyl-L-prolinate, using the conditions employed by 
Marchini and Belleau for the synthesis of methyl-N-2,356- 
trimethoxyphenanthr-9-ylmethyl pipecolate, did not take 
place•
The unsuitability of these generally established 
methods for the required purpose, necessitated the develop­
ment of a new procedure for the N-alkylation that would be 
applicable for all ranges of substitution patterns and 
substituents in the phenanthrene ring. Accordingly, after 
a thorough investigation of possible solvents for 
N-alkylation, the dipolar aprotic range of solvents seemed 
most appropriate. This conclusion received support from 
evidence documented in a review by Parker in which he 
showed that the rates of nucleophilic substitution reactions
(S 2) were often very much greater and gave higher yields v N 1
in dipolar aprotic solvents. This rate enhancement was 
explained by the much greater solvation of the polarised 
transition state in dipolar aprotic solvents which
L
O
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FIGURE 17
The U.V. spectrum (Ethanol) of the benzyl ester (XXVI11a)
IT-LOI
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consequent ly lowered the activation energy for the S^2 
reaction. This class of solvent had the added advantage 
of being an excellent solvent for a wide range of organic 
compounds and preliminary tests with dimethylformamide 
showed that both the substituted 9-chloromethylphenanthrenes 
(XXVla,b,c,d) and benzyl-L-prolinate hydrochloride were 
readily soluble. Dimethylformamide subsequently proved 
an excellent solvent for the condensation of all 
9—chloromethylphenanthrenes investigated with benzyl-L- 
prolinate, the reaction occurring in near quantitative 
yield in all cases.
The structures of the benzyl esters (XXVllla,b,c,d) 
were confirmed by examination of their U.V., I.R. and 
n.m.r. spectra. All U.Y. spectra were characteristic 
of a substituted phenanthrene ring system and a 
representative spectrum is shown in figure 17* All 
infrared spectra showed strong absorption peaks in the 
1750-17^0 cm region, characteristic of a saturated ester 
group and exhibited a proliferation of strong to moderate 
absorbances in the region 1 2 7 0 -1 0 0 0 cm , characteristic 
of the C—0 stretching frequencies of aromatic methoxyl 
and ester groups. The most significant feature of the 
n.m.r. spectra of the esters (XXVllla,b, c) was the AB
quartet, Y a >  5.55 to 5.63, y' b y' 6.12 to 6.53,
J 12-13HZ which was assigned to the C-ll protons. (for AB
-45-
FIGURE 18
The n.m.r. spectra (aromatic region) of the 
benzyl esters (XXVllla,b ,c)
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numbering see figure ll). The aromatic protons of each 
ester (XXVllla,b,c ) could be identified individually and 
the partial spectra and assignments are shown in figure 18, 
The down field position of the Ch and C5 protons has also 
been noted by Johns and co-workers^ in the spectra of 
substituted phenanthrenes derived from aporphine alkaloids.
3• N-Acylation
As an alternative to the N-phenanthr-9-ylnie thylation 
of benzyl-L-pro linate, N-phenanthr-9-oylation of the 
amino-ester (XXVll) to form the amido-ester (XLll),
(figure 19), thence cyclisation and reduction to the 
phenanthroindolizidine, was considered.
FIGURE 19
X L I  X L l l
Proposed N-phenanthr-9-oylation of benzyl-L-prolinate
However, the route was abandoned when all attempts to 
prepare the amido-ester (XLll) were unsuccessful.
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D. REACTIONS OF THE BENZYL ESTERS
As the benzyl esters (XXVllla,b,c,d) could not be 
cyclised directly to the desired phenanthroindolizidines, 
it was necessary to convert them to a derivative suitable 
for cyclisation. Two alternative pathways were considered 
(figure 12):-
(I) reduction of the benzyl esters to the prolinol 
derivatives (XXXla,b,c,d) or,
(II) hydrogenolysis of the esters to the proline 
derivatives (XXlXa,b,c,d).
Reduction to the prolinol derivatives presented no 
difficulty and was achieved by conventional lithium 
aluminium hydride reduction. The structure of the 
prolinoIs was confirmed by analysis of their U.V., I.R. 
and n.m.r. spectra. The tetramethoxy-prolinol (xXXlc) 
was known, but had been prepared by an alternative 
method (N-phenanthr-9-ylniethylation of L-(-)-prolinol 
in refluxing toluene).
As in the case of the preceding benzyl esters, the 
n.m.r. spectra showed an AB quartet •Va r 5.53 to 5 .6 2,
V b 6.20 to 6.30 J._, 13.0Hz which was again assigned 
to the Cll protons.
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Preparation of the proline derivates (XXlXa,b,c,d),
however, presented unforeseen problems. Although hydrolysis
of the unsubstituted and methoxyl substituted methyl-N—
39 1k 28phenanthr-9-ylmethyl-L-prolinates 5 and pipecolate to 
the corresponding acid with concentrated hydrochloric acid 
had been found to proceed readily in the synthesis of 
phenanthroindolizidine, tylophorinine and cryptopieurine 
respectively, it was found an unsatisfactory method for 
the corresponding benzyl esters. Extensive decomposition 
occurred making the acid difficult to isolate and then 
only in low yields. It was therefore necessary to develop 
a different method for the removal of this benzyl group
/T ryand catalytic hydrogenolysis appeared the most promising, 
provided concurrent hydrogenolysis of the tertiary 
benzylamino group could be prevented.
On hydrogenolysis of the benzyl ester (XXVllla) in 
methanol over palladium on charcoal at room temperature 
and pressure, cleavage of both the ester and tertiary 
benzylamine functions occurred. In the presence of 
concentrated hydrochloric acid and the same catalyst, and 
conditions, no uptake of hydrogen occurred at all.
However, when the palladium on charcoal was replaced by 
prereduced Adams catalyst, selective cleavage of the benzyl 
ester function took place. This method was found to be 
equally successful for hydrogenolysis of the remaining
-49-
benzyl ester's and had the added advantage that the system 
was resistant to further hydrogenolysis under the 
conditions required for removal of the ester group» The 
only disadvantage of the above reaction was the relatively 
high catalyst/substrate ratio (l:4) required for a 
reasonable hydrogenolysis rate.
The N-substituted prolines prepared (XXlXa,b,c,d)
were all isolated, characterised and used in subsequent
reactions as their hydrochlorides. Their infrared
-1 .spectra all showed a strong peak at 17^0-1735 cm which 
was assigned to the C00H group. This frequency is 
slightly higher than that usually associated with
6 8carboxylic acids and, as was pointed out by Bellamy , 
could reflect the influence of the -NH+C1 group on 
the bond length of the carboxyl group.
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FIGURE 20
Cyclialkylation possibilities
'f
z
c h 2z
X L 111 
Z= CI orBr
0 . Rj= R2  = H
b. R|- H, R2= OC H3
c. Rj= R2= OCH3
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E . CYCLIALKYLATION EXPERIMENTS
1. With the prolinol (XXXla)
The last stage in the synthesis now constituted 
closure of the final ring of the phenanthroindolizidine 
skeleton. It was envisaged that this cyclisation could 
be brought about by an intramolecular reaction, between 
the functional group at carbon two in the pyrrolidine 
ring and the ten position of the phenanthrene moiety, 
which did not alter the stereochemistry of the asymmetric 
centre. Following the successful preparation of the 
prolinol and proline derivatives, (XXXla,b,c) and 
(XXlXa,b,c,d) respectively, two general methods of 
achieving this goal were investigated: viz cyclialkylation 
(see figure 20 and the discussion below) and cycliacylation 
(see figure 2 6) which will be discussed later.
Although the alkylation of aromatic compounds with
alcohols has not been investigated or exploited as much
as alkylation with alkyl halides or alkenes, it has been
69shown to be a very useful synthetic method. In the
present work cyclialkylation using the prolinol derivatives 
appeared more attractive than with the corresponding halides 
because of the ready accessibility of the prolinols through 
reduction of the preceding benzyl esters.
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A number of different catalysts including aluminium
chloride, boron trifluoride and concentrated sulphuric
acid have been employed in the alkylation of aromatic
compounds with alcohols* Alkylations with aluminium
chloride, the most active catalyst, have been found to be
critically dependent upon reagent proportions and 
70temperature and subject to rearrangements and hydride 
71exchange • The earlier belief that only activated
alcohols, such as benzyl and tertiary alcohols, could be 
72used was shown to be incorrect when the reaction was 
more fully examined*
Similarly, boron trifluoride has also been widely
73 74 .studied as an alkylation catalyst, 9 both by itself
and in the presence of strong dehydrating agents such as
phosphorus pentoxide, concentrated sulphuric acid or
benzene sulphonic acid which were found useful as
promoters. Although the reagent is somewhat less
active than aluminium chloride as a catalyst, rearrange-
76 77ments are still general. 9 The further deactivated
catalyst, boron trifluoride diethyl etherate, which had 
been used in the cyclialkylation of the indole derivative, 
4-(indol-3-yl)-butan-l-ol to the corresponding 1,2,3,4- 
tetrahydrocarbazole,^ was also investigated in the present
work
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FIGURE 21
. • +. ,79The mechanism proposed by Streitweiser et a± 
for the alkylation of benzene with alcohols and
boron trifluoride
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Ih view of the possible rearrangement of the
substituted prolinols being investigated in the present
work, the mechanism of the alkylation needed consideration.
In the alkylation of benzene by alcohols with boron
79trifluoride as catalyst, Streitweisser et al have 
suggested that the initially formed equimolar boron 
trifluoride-alcohol polarised complex (XLV) forms a loose 
7X complex (XLVl) with the aromatic ring which can either 
form a ^  complex (XLVll) followed by deprotonation to 
give the unrearranged alkylated aromatic compound or 
which can rearrange to form the JX complex (XLVlll) 
associated with the more stable carbonium ion, followed 
by complex formation (XLIX) and deprotonation (see 
figure 21)• The possibility of rearrangement therefore, 
depended upon the nature of the polarised catalyst—alcohol- 
aromatic- 7t complex (XLVl) and the reaction conditions. 
Primary alcohols, being the least reactive in alkylations, 
needed the most severe conditions which made it most 
likely that rearrangement would take place before alkylation. 
This suggested that the prolinols (XXXla,b, c, d) would 
undergo rearrangement before alkylation if boron trifluoride 
was used as a catalyst. The possibility of rearrangement 
was supported by Roberts et al who investigated the 
reaction between benzene and cycloalkyl carbinols with
aluminium chloride as catalyst. With cyclobutane,
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table 2
Attempted cyclialkylation of N-2,̂ -dlmethoxy- 
phenant3ar-9-ylme"t̂ yl-L-prolinol, (XXXla)
CATALYST SOLVENT TEMPERATURE PRODUCT |
A1C1,
5
Nitrobenzene 20 -  60° Starting material recovered* No
alkylation.
A1C1, Nitrobenzene >  65° Déméthylation (Lia or Lib)
bp3/p2o5 Nitrobenzene 6o -  70° Starting material 
recovered. No 
other product.
BF3 :0 E t2/P 2 05 BP :0Eto 5 R 100°
Starting material 
recovered. No 
other product•
FIGURE 22
L Ll.a R| = H , R 2 = C H 3
Lib R|=CH3 , r 2 - h
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cyclopentane and cyclohexane carbinols, rearrangement 
took place to form phenylcyclopentane, phenycyclohexane 
and methylphenylcyclohexane respectively« These were 
predictable on the basis of the accepted rearrangement of 
primary carbonium ions to the more stable secondary ions 
by a 1-2 shift of methylene group (for the four and five 
membered rings) and a 1-2 hydrogen shift for the six 
member ring* The former two carbinols were also relieved 
of torsional strain on formation of the larger ring 
carbonium ions* By analogy with this work, then, it 
seemed possible that the substituted prolinols (XXXla,b,c,d) 
would undergo a similar isomerisation and in the case of 
(XXXla), ring closure if any, would lead to the pentacyclic 
base (l ), shown in figure 22.
The results of experiments with the three catalysts 
discussed above are shown in table 2. A number of points 
arose from this table
So(l) Although Norris and Ingraham have suggested 
that the alkylation of benzene by alcohols with aluminium 
chloride as catalyst could occur with the corresponding 
alkyl halides as intermediates, and have demonstrated that 
alkyl chlorides can in fact be prepared from alcohols by 
the thermal decomposition of the alcohol-aluminium chloride 
complex, no substituted chloromethylpyrrolidine (XLlVa, Y=Cl)
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was isolated from any experiments involving aluminium 
chloride and the prolinol (xXXla)•
(ll) In all experiments, allowance (in the form of 
a relatively large molar excess of catalyst) had to be 
made for the presence of a basic, tertiary nitrogen atom*
This nitrogen can form stable one to one complexes with
8l 82 83 3/4.both aluminium chloride 5 and boron trifluoride ’
and thus remove their catalytic activity.
(ill) Alkylation attempts with the dimethoxy-substituted 
prolinol (XXXla) and aluminium chloride as catalyst at 
temperatures greater than 6 5°, caused demethylation of one 
of the methoxyl substituents to form the phenol (Lla) or 
(Lib), (figure 22), and no other change. Considerable 
spectral evidence has been accumulated to confirm this 
assessment. The mass spectrum of the product showed a 
molecular ion at m/e 337 (l% of base peak), corresponding 
to the molecular formula C21H23N°3 (calculated M.W. 337*^0 
which contains only one methoxyl group. A peak at m/e 306 
(ca 20 % )  corresponded to the loss of one methoxyl group 
and one hydrogen from the parent ion and the base peak at 
m/e 2 3 7 (1 0 0$) arose indirectly from the loss of C^H1()N 0 
from the molecular ion.
The infrared spectrum showed a broad band at 3^50 cm 
(KBr disk) which was ascribed to the combined effects of
-1
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the phenolic and alcoholic hydroxyl groups. No definite 
assignment could be made for the phenolic C—0 bond 
(ca 1200 cm ) or for the alcoholic C-0 bond (ca 1000­
1050 cm ■*■) because of the proliferation of peaks in these 
regions which probably arose from the simultaneous presence 
of a methoxyl substituent. The presence of a strong peak 
at 1260 cm- (KBr disk) further confirmed the presence of 
an aromatic methoxyl substituent.
The ultraviolet spectrum (ethanol) showed a 
bathochromic shift, together with a broadending of some 
peaks on addition of sodium hydroxide, which is character­
istic of phenols when converted to their corresponding 
phenoxide anions•
The n.m.r. spectrum confirmed the presence of only 
one methoxyl group (a three proton singlet at 9^6.0 3) 
and seven aromatic protons. Analytical data also agreed 
with the molecular formula C^H^NO^ proposed for the 
phenol (Lla) or (Lib). No attempt was made to distinguish 
between these two alternatives although no difficulty was 
expected if n.m.r. spectra of the original prolinol (XXXla) 
and the phenol, under identical conditions, became 
available•
(lV) The expected enhancement of the catalytic 
activity of boron trifluoride and boron trifluoride diethyl 
etherate in the presence of phosphorus pentoxide was not
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observed. This highlighted the inactivity of the ten 
position of the phenanthrene in alkylations which was 
suggested by earlier work with acylating agents. 
Temperatures greater than ca 80° in reactions involving 
aluminium chloride were not investigated because of the 
likely polymerisation of the phenanthrene moiety initially
Qrysuggested by Thomas.
The Lewis acids zinc chloride and iron (ill) chloride
are weaker Friede1-Crafts catalysts than aluminium chloride
but zinc chloride has been used in the alkylation of 
88toluene with n—propanol and n—butanol. However, the
reaction temperature was between 165° and 170° and
alkylation was considered to have occurred via the olefin
resulting from thermal decomposition of the zinc alcohoiate
89complex. Iron (ill) chloride was shown by Parker to be 
ineffective in catalysing the alkylation of aromatic 
compounds with normal alcohols, thus making both reagents 
unsuitable for use in the proposed cyclialkylation.
The inactivity of the prolino1 (XXXla) towards the
common Friedel-Crafts catalysts suggested that a different
type of reagent might be necessary to effect the
cyclialkylation. Such a reagent is concentrated sulphuric
acid and this acid has been widely used for the
. . 90cyclialkylation of aryl substituted alipha.tic alcohols.
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For example, a cyclisation involving a primary alcohol 
and sulphuric acid has been carried out by Burckhalter
91 .and Fuson who achieved the conversions shown in Figure 2 3 .
FIGURE 23
R 1 = H,CH3
R2 = CH3 ,C2H5 or C3H?
Examples of the cydialkylation of primary 
alcohols with sulphuric acid.
This method was later improved by Colonge and 
Weinstein^2 who simply varied the temperature and time 
of reaction. A serious drawback in the use of this 
reagent for the cyclisation of the substituted prolinols 
(XXXla,b ,c ,d ) was that sulphonation and subsequent 
deactivation of the aromatic component was a distinct 
possibility. Attempts to avoid this disadvantage by the 
use of phosphoric acid or polyphosphoric acid as catalyst 
have been successful in the cyclisation of secondary and
93 94tertiary alcohols to tetrahydrophenanthrenes 9 but
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results with primary alcoholic substrates were not
. 95encouraging. Further, the use of silica gel was
examined as a weak acid dehydrating agent. The results 
of experiments with these reagents are shown in table 3 -
TABLE 3
Attempted cyclialkylation of prolinol derivatives
REAGENT PROLINOL TEMP. TIME PRODUCT
90$ h 2so^ XXXla 0o-3" 15 min. No basic product
Polypho sphori c 
Acid
XXXI a 100° 30 min. No basic 
product
S i0 2 Unsubstituted l4o-l6o°(0 .1 mm.) 2 hr. Startingmaterial
recovered
None of the reagents examined were successful in 
achieving the required cyclialkylation. Firstly, 90$ 
sulphuric acid apparently caused sulphonation of the 
phenanthrene nucleus since no basic product could be 
isolated by basification of the diluted reaction mixture. 
Neutralization of this solution and evaporation to dryness 
allowed a material strongly fluorescent under ultraviolet 
light and possessing an ultraviolet spectrum characteristic 
of phenanthrene to be extracted into absolute alcohol.
After complete removal of the sodium sulphate from this
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solution, the residue on evaporation of the alcohol gave 
a positive Lassaigne test for sulphur, further confirming 
that sulphonation had occurred* Polyphosphoric acid and 
freshly dehydrated silica gel were also unsuitable as 
cyclisation catalysts.
The failure of all attempts at cyclialkylation of the
pro lino 1 (XXXla) confirmed the work of Govindachari and 
13co—workers who could not cyclise the tetramethoxy
substituted prolinol (xXXlc) (by unspecified methods) and 
of Russel^ who could not cyclise either the prolinol (Llll) 
or the mesylate (Liv) by Friedel-Crafts alkylation.
2. With the halomethylpyrrolidines (XL111 and XL1V, Y=Cl)
As an alternative to cyclialkylation of the prolinol
derivatives (XXXla,b,c), cyclisation of the corresponding
2-halomethylpyrrolidines (XLllla,b,c) was considered since
the alkylation of aromatic compounds with alkyl halides has
. 97 . - . .been both studied and used extensively since its original 
discovery by Friedel and Crafts in 1877. In the alkylation 
reaction, the relative reactivity of the alkyl halide is
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go verned, in part, by the halogen atom. For example, 
with n-butyl and t—butyl halides, the order of reactivity 
in the alkylation of benzene with aluminium chloride as
gocatalyst is fluoride ^ chloride bromide ^iodide.
Although alkyl fluorides are the most reactive, the choice
of halide in the present work lay only between bromide and
chloride. The possibility of using the fluoromethyl-
pyrrolidine derivative would arise only if the chloride
or bromide could be prepared, since common methods of
preparing alkyl fluorides rely upon the substitution of
99an already present halogen.
The possibility of rearrangement during the alkylation 
warranted consideration since it would cause racemisation. 
This possible isomerisation would be governed by the 
mechanism of the alkylation and the likely one was expected 
to be similar to that initially proposed by Brown and 
c o - w o r k e r s a n d  later extended by Sharman^^ for the 
alkylation of benzene with alkyl bromides using aluminium 
bromide as catalyst. These workers considered that 
isomerisation of the alkyl group occurred before formation 
of the transition state (the (7N, complex (Lll)) in a 7T 
complex which allowed rapid isomerisation of any carbonium 
ion species involved in it.
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LI I
The complex (LI I) can readily give up a proton from 
3the sp carbon atom to form the alkylated benzene.
In their study of the reaction Brown et al^Q<̂  found 
that the rate of alkylation was first order in alkyl halide, 
aluminium bromide and benzene. This supported the view 
that the reaction proceeded by a nucleophilic displacement 
by the aromatic compound on a polarised alkyl bromide­
aluminium bromide addition compound. As the alkyl group 
became more able to accommodate a positive charge, the 
reaction became increasingly ionic and the nucleophilicity 
of the aromatic compound became less important in the 
breaking of the alkyl-halogen bond. In the present work, 
the 2-halomethylpyrrolidine derivative should show little 
tendency to support a positive charge at the halomethyl 
carbon and the nucleophilicity of the phenanthrene (which 
is increased by methoxy substituents) should play an 
important role in assisting cyclialkylation.
A study of the cyclialkylation of phenylalkyl chlorides
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FIGURE 24
The reaction between l-chloro-3>4-diphenylbut ane, 102
and aluminium chloride as shown by Khalaf and Roberts
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in the presence of aluminium chloride and ferric chloride
102has been made by Khalaf and Roberts • These workers
found that, in reactions involving aluminium chloride as
catalyst, a number of side reactions, including hydride
exchange to form the parent hydrocarbon, intermolecular
polyalkylation and disproportionation,took place along
102with the expected alkylations. Khalaf and Roberts 
also showed that formation of six membered rings from the 
cydialkylation of primary phenylbutyl chlorides was 
possible and took place in preference to rearrangement and 
formation of a five membered ring as shown in figure 2k»
Therefore, the proposed cyclialkylation of the halides 
(XLllla,b,c) was possible if the formation of a six membered 
ring was more favourable than rearrangement and ring closure 
to form a five membered ring as suggested by Roberts and 
co-workers in their work on cycloalkyl carbinols• The 
use of higher reaction temperatures was expected to assist 
the second alternative as well as promoting hydride exchange 
and the formation of polymeric compounds.
The Friedel-Crafts cyclialkylation reaction has also 
been applied to the preparation of heterocyclic nitrogen 
compounds but in all cases examined, the nitrogen was 
amidic10  ̂and as such, was essentially neutral. Tn the 
present work, the nitrogen is tertiary and complexes 
strongly with an equimolar quantity of aluminium chloride,
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thus necessitating a molar ratio of catalyst to substrate 
of ca 1.5 si»
3. Attempted preparation of the halomethylpyrrolidinesi * 1 (XLlll)
Of the methods available for preparation of the
N-phenanthr-9-ylmethylated-2-bromomethylpyrrolidines
(XLllla,b,c, Z»Br), the reaction between the corresponding 
N-phenanthr-9-ylmethylated prolinols and phosphorus 
tribromide seemed the most promising since it had been 
shown that the preparation of N-phenanthr-9-ylmethyl-2- 
bromomethylpyrrolidine hydrobromide from N—phenanthr—9— 
ylmethyl-L-prolinol proceeded smoothly. This bromide
hydrobromide proved stable at 100 in the presence of 
phosphorus tribromide and crystallised readily from methanol. 
The bromide proved unstable to base however, as attempts to 
recover the free base from unsuccessful Friedel-Crafts 
cyclialkylation attempts at room temperature resulted in 
isolation of the original prolinol.
Preparation of N- (2,3-dimethoxyphenanthr-9-ylmethyl)- 
2-bromomethylpyrrolidine hydrobromide (XLllla, Z=Br) was 
attempted using phosphorus tribromide under the conditions
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successful for the unsubstituted compound. However, none 
of the required bromide hydrobromide was isolated. An 
almost quantitative yield of an unidentified product was 
isolated but this was shown not to be the required bromide 
hydrobromide by the following tests
(I) the compound was soluble in acetone and ethyl 
acetate contrary to the expected behaviour of the required 
salt, and
(I I ) a solution of the reaction products, obtained by 
basification and extraction of the reaction mixture with 
ether, showed initially two spots when examined by thin 
layer chromatography on silica but rapidly decomposed to
a complex mixture on standing.
A number of other methods for the preparation of the 
bromide hydrobromide (XLllla, Z=Br) or the corresponding 
chloride hydrochloride were also investigated and the 
results fell into two categories
(l) those reactions which produced a complex mixture 
of compounds and no starting material could be recovered 
and
(ll) those in which no reaction took place as shown 
by thin layer chromatography and the starting material in 
the form of its hydrochloride or hydrobromide salt was
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TABLE 4
A tte m p te d  h a lo g é n a t i o n  o f  t h e  p r o l i n o l ,  (X X X Ia)
REAGENT SOLVENT TEMPERATURE
CATEGORY 
IN TEXT
REFERENCE 
TO METHOD
H Br/PBr CHC1-,
0
2 0 ° To 104
HBr/PBr^. CHC1-,
2
Reflux a 104
H C l/ S 0 C l2 CHCl^
P
Reflux h 105
S OCl^/Pyr i dine CÏÏC1T
?
Reflux a 1 0 6
(n-Octyl)^P C C I,
4
00t>
-1
0VO h 107
PCl
0̂
\___________________________
PCl
2̂
Reflux h 1 0 8
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recovered as the only product«, The results are summarised 
in table 4.
. io4Since the methods of* Searles et al and Piper and
Johnson105 were successful in the bromination and
chlorination respectively of 2-hydroxymethylpyrrolidine,
their failure in this case was unexpected. The presence
of a methoxy substituted phenanthr-9-ylmethyl substituent
on the pyrrolidine nitrogen appeared to have caused this
behaviour but no explanation as to why this was so could
be advanced. The lack of success of the method of Hooz 
107and Gilani was attributed to the insolubility of the 
hydrochloride salt, formed immediately on addition of 
tri-n-octylphosphine, in all solvents investigated.
4, Attempted preparation of the sulphonate esters
^  (XL1V, Y=OTs or OMs•)
Following the failure of all attempts to prepare the
required halides, preparation of the p—toluenesulphonate
esters was investigated since such esters have been widely
^. 109used as alkylating agents in Friedel-Crafts reactions,
11 o •Clemo and Watson have investigated the reaction between
Q —chloroethy1—p—toluenesulphonate and benzene in the
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presence of aluminium chloride and have found that the 
major product was |3-chloroethylbenzene, thus indicating 
that the rate of alkylation by the tosyl ester function 
was very much greater than the rate of alkylation by the 
alkyl halide group. It was hoped that this reactivity 
of the ]D-toluenesulphonate group would be sufficient to 
overcome the apparent inactivity of the ten position of 
the phenanthrene ring towards Friedel-Crafts cyclialkylation.
In alkylations with £-toluenesulphonates, excess 
aluminium chloride must be used in order to account for the 
free £-toluenesulphonic acid formed during the reaction. In 
the present work, this excess was made doubly large because 
of the presence of the basic nitrogen.
Unfortunately, all attempts to prepare the tosyl ester
of the prolino1 (XXXla) were unsuccessful. After careful
111purification of the p-toluenesulphonyl chloride, the
method of Schleyer and variations were investigated as 
possible routes to the required ester. In all attempts, 
formation of the hydrochloride of the prolinol was complete 
but no trace of tosylate was detected, either by thin layer 
chromatography or by the presence of a strong band between 
1190 and 1170 cm"1, which is characteristic of a tosyl 
group, in the infrared spectrum.
Investigation of methanesulphonyl chloride as an
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alternative esterifying agent produced a surprising result.
9 6Although Russel and Hunziker had prepared the mesylate 
(hiv) by treatment of the prolinol (Llll) with methane- 
sulphonyl chloride overnight in pyridine solution at 0° 
(figure 25), treatment of the prolinols (XXXla,b,c) with 
this reagent under identical conditions, produced the 
corresponding alkyl halides (XLlVa,b,c, Y=Cl).
FIGURE 25
Llll
nP
CH-OH
LIV
• Q
CH-OMs
The mesylation method used in the preparation
of septicine . 9 6
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Contrary to what was expected from the earlier 
discussion on Friedel-Crafts cyclialkylations involving 
alkyl halides, attempted cyclisation of the chloride 
(XLlVa, Y=Cl) yielded none of the required pentacyclic 
base (xXXlla)• A significant product of the reaction was, 
however, the prolino1 (xXXla) which further confirmed the 
instability of the chloride (XLlVa, Y=Cl) towards alkali.
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FIGURE 26
Cycliacylation possibilities
a. R1 = R2 = R3 = H
b. Rx = R3 = H,R2 = OCH
c. R^ = H,R1 = R2 = 0CH„
d. Rx = H,R2 = R^ = OCHo
p. CYCLIACYLATION EXPERIMENTS
Because of the failure of all cyclialkylation 
experiments, cycliacylation was considered as a possible 
alternative route to the phenanthroindolizidine ring 
system. Two different pathways were investigated 
(figure 26):-
(I) Conversion of the amino-acids (XXlXa,b,c,d) to 
their corresponding acid chlorides (LVa,b,c,d) then 
cyclisation using conventional Friedel—Crafts catalysts 
such as aluminium chloride or titanium (lV) chloride or
(II) Direct cyclisation of the amino-acids (XXlXa,b,c,d) 
using such acylation catalysts as anhydrous hydrogen 
fluoride, phosphorus oxychloride, trifluoroacetic anhydride
or polyphosphoric acid.
Both pathways require an additional reduction step for 
the preparation of the phenanthroindolizidines (xXXlla,b,c,d).
1. Discussion of path (l)
Although it involved an extra step (i.e. the
preparation of the prolyl chlorides, (LVa,b,c,d)), path (l)>
(figure 26) seemed the most promising since the acylation of
aromatic compounds with acyl halides and Lewis acids has
113generally been found not susceptible to rearrangements
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TABLE 5
Reagents investigated in the preparation of 
the amino-acid chloride hydrochloride (LVa)
REAGENT SOLVENT TEMPERATURE TIME RESULTS *
so c i2 CHC1-.
o
L
T
\
C
M 2 hr# Formation of acid 
chloride incomplete.
so c i2 DMF 100° 2 min. No acid chloride.
S present in product.
(C0C1)2 (C0C1)2 250 2 hr. Formation of acid 
chloride incomplete. 
Isolation difficult.
(C0C1)2 DMF 60° 1 5 min. No acid chloride.
(C0C1)2 AcCl 25° 3 hr. Formation of acid 
chloride incomplete. 
Isolation difficult.
PClc
5
Ac Cl 25° 2 hr. Incomplete formation 
of acid chloride. 
Isolation difficult.
PClc5 (CH Cl( l:l(Et 0
5 - 10° 1 hr. Complete formation 
of acid chloride. 
Isolation possible.
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and a large number of similar cycliacylations were known. 
However, in the acid chlorides which contained nitrogen, 
the nitrogen was either amidic'*''̂ 9 , sulphonamidic^^^
114
or
was very weakly basic as in - (di phenylamino)-propionic
acid^^. In a more strongly basic compound,
-(methylphenylamino)-propionic acid, the cyclisation did 
not occur y because the acid chloride was prepared as its 
hydrochloride salt and it was suggested that the positive 
charge on the nitrogen atom served to deactivate the 
aromatic ring towards electrophilic substitution. This 
effect was not expected to be a significant factor in the 
cyclisation of the acid chlorides (LVa,b,c,d).
It was expected that the amino-acid chloride 
hydrochloride (LVa) could be prepared similarly to the 
acid chloride of L-proline. However, using the method of 
Liwschitz et al12°, none of the N-phenanthr-9-ylmethylated 
prolyl chloride hydrochloride (LVa) could be isolated in 
pure form. A number of other reagents were investigated 
in attempts to effect this transformation and the results 
are shown in table 5«
* Note from table
The presence of the acid chloride group was confirmed by
-1 . . ^ J . 121 the sharp band at ca 1800 cm in the infrared spectrum
of the product after the thorough removal of all volatile
starting materials. This spectrum also indicated the
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completeness of formation of the acid chloride because any 
residual acid showed up as a strong, sharp band at 1 7 ^ - 0 cm .
By far the most successful method of preparing the 
dimethoxy substituted acid chloride (LVa) was by the use 
of Vilsmeier Js reagent.^"^^’^^^ This reagent, generally 
made up of either thionyl chloride, oxalyl chloride or 
phosphorus pentachloride and dimethylformamide, can react 
with an acid to form the acid chloride with the liberation 
of hydrogen chloride. In the present work, formation of 
the reagent (LVl) with phosphorus pentachloride (as shown 
in figure 2 7 )? proved the most successful method.
FIGURE 27
PCI5
C H j \  ©
lt M =C
C H 3
/Cl
■>
CH3\
CHS
Dimethylformiminium chloride
LVl
Formation of Vilsmeierls reagent, (LVl).
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Although, preparation of the dimethoxy substituted 
acid chloride by the use of this reagent resulted in an 
almost quantitative yield, the formation of the trimethoxy 
and tetramethoxy substituted acid chlorides (LVb and LYc 
respectively) was not as efficient. As a result, attempts 
at Friedel-Crafts cycliacylation were made with the 
dimethoxy prolyl chloride (LVa) only, after consideration 
of the following points:-
(l) The choice of solvent. This choice lay between 
two extremes, vis nitrobenzene and carbon disulphide.
The former, being a good solvent for aluminium chloride, 
the complex between aluminium chloride and the acid chloride, 
and the ketone-aluminium chloride complex (if any), would 
allow an essentially homogeneous reaction to take place 
while acylation in carbon disulphide would remain essentially 
heterogeneous. An. intermediate solvent such as methylene 
chloride or ethylene chloride while not being a good 
solvent for aluminium chloride, should dissolve the acylating 
complex and the final ketone-aluminium chloride complex 
reasonably well. The importance of the role of the solvent 
proposed cycliacylation reaction could be judged from 
the experiments of Gore who found that acylation of 
phenanthrene by acetyl chloride with aluminium chloride as 
catalyst in nitrobenzene solution gave mainly 
3-acetylphenanthrene, while in ethylene chloride, the same
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TABLE 6
Reaction of the amino-acid chloride, (LVa) with Lewis acids.
SOLVENT CATALYST TEMPERATURE TIME COMMENTS
C
M
o A1C1-,9
00 1 hr. No chromatographic trace of ketone (XXXa). Main 
product (low RE) 
non ketonic.
cs2 Al Cl 7 9 ca 40° 2 hr. Trace of ketone only.
/ cs2 y
' ( NO- '
A1C1-,9
00 2 hr « Chromatographic trace of ketone. Main product 
(low RE) non ketonic.
C
M
GQO AlBrv9
00•"3* 1 hr. Chromatographic trace 
of ketone.
CH2012 A1C1-9
00 3 hr. Chromatographic trace 
of ketone.
cs2 TiCl. 4
00C
M 1 hr. Chromatographic trace 
of ketone.
CHCl̂9 A1C1,9 65° 1 hr. Chromatographic trace of ketone.
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reagents gave predominantly 9~acetylphenanthrene.
(ll) The choice of catalyst also had a bearing on the 
reaction# Dermer and co-workers, in a comparison of
the activity of metallic chlorides in Friedel-Crafts 
ketone syntheses, found the order of activity was aluminium 
chloride iron (ill) chloride tin ( iv )  chloride > 
titanium (lV) chloride ^ zinc chloride and that some 
catalysts, notably titanium ( iv )  chloride, produced a 
rapid decrease in yield after a certain optimum reaction 
period. More active catalysts, such as aluminium chloride, 
caused other complications such as the migration of alkyl 
substituents in the aromatic compound.
In the present work, the final choice of solvent, 
catalyst and reaction time clearly had only to depend on 
the results obtained from the cycliacylation attempts 
shown in table 6. The results of these experiments were 
determined by chromatographic comparison of the crude bases 
isolated from the acylation attempts, with an authentic 
sample of the keto-base (XXXa) which was obtained from 
cyclisation of the amino-acid hydrochloride (XXlXa) by a 
method to be described in the following section. The 
chromatographic comparisons showed that all acylation 
attempts yielded, at best, only a trace of the required 
ke t o-bas e (XXXa)•
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TABLE 7
Reaction of the proline, (XXIXa) 
with cycliacylation catalysts.
REAGENT SOLVENT TEMPERATURE TIME PRODUCT
HF HF 20°
20°
(HP S.V.P.)
16 hr. Starting material 
recovered, no
KF EF 16 hr. ketone •
(CP C0)20 C6H6 25° 30 min. Unidentified product, non 
ketonic.
PCKU3 P0C1-3 110° 30 min. Extensive decomposition. 
Apparently poly­
meric substance 
isolated.
I. POCl̂ I. P0G1V 3 110° ca 2 min. I. LYII2. H2/Pt 2 o MeOH . 25°
1 atm.
1 hr. 2. LVTII
Polyph.osph.oric
Acid
(P.P.A.)
P.P.A. 90 t 2° 4 hr. Ketone (XXXa) 
ca 33̂
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2« Cycliacylation by path (ll), Figure 26.
Further attempts to effect cyclisation of the amino- 
acid hydrochloride (XXlXa) were centred around path (ll), 
figure 26, and the reagents, conditions and products 
shown in table 75 are discussed below.
(I) Anhydrous liquid hydrogen fluoride, first used
12>6by Fieser and Hershberg for similar cycliacylations
127 .and later reviewed by Johnson^ was found to yield no 
ketone (XXXa) in any reaction with the amino-acid 
hydrochloride (XXlXa).
(II) Trifluoroacetic anhydride, reviewed as an
1 pQacylation catalyst by Gore , reacted with the amino-acid 
hydrochloride (XXlXa) rapidly to yield a single, 
unidentified neutral product. This compound was not the 
expected ketone and the action of the reagent was not 
further investigated.
(ill) Phosphorus oxychloride, which had been used 
successfully by Albert'*'^ in the synthesis of acridones from 
diphenylamine-2-carboxylic acids, was found to react with 
the amino-acid hydrochloride (XXlXa) in an unexpected 
fashion. In carefully controlled conditions, an almost 
quantitative yield of N-2,3-dimethoxyphenanthr-9-ylmethy1-
^-pyrrolideine (LVll) could be obtained as its perchlorate 
salt from the diluted reaction mixture. This compound proved
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unstable on exposure to air and was directly hydrogenated 
over Adams catalyst to yield the fully saturated N-2,3- 
dimethoxyphenanthr-9-ylmethylpyrrolidine (LVlll)•
FIGURE 28
LVII LVlll
Products from the reaction of the proline (XXlXa) 
with phosphorus oxychloride then hydrogen.
Although no correct analysis could be obtained for the 
final base (LVlll) the combined chemical and spectral 
evidence presented below left no doubt as to its structure.
Firstly, the infrared spectrum of the pyrrolideine 
derivative (LVIl) showed a sharp peak at 1680 cm of 
moderate intensity, characteristic of a carbon-nitrogen
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double bond. This peak, as expected, disappeared on 
hydrogenation over Adams catalyst under acidic conditions 
at room temperature and pressure.
The mass spectrum of the hydrogenated base (LVlll) 
showed a molecular ion at m/e 3 2 1, corresponding to the 
molecular formula C^H^NO^ (M.W. 321o3) an<̂  a base peak 
at m/e 232 arising from the loss of C^H^N (an unsubstituted 
pyrrolideine moiety) from the molecular ion.
The n.m.r. spectrum of this final base (LVlll) 
confirmed the presence of seven aromatic protons again 
showing that no ring closure analogous to the acridone 
preparation had taken place. The eight protons of the 
pyrrolidine ring could be accounted for by the presence 
of two separate four proton multiplets centred at >7*^2 
and >  8.2 7, with the lower field signals arising from 
the four protons adjacent to the nitrogen. The benzylic 
protons appeared as a two proton singlet at >  6.03, being 
almost obscured by the two methoxyl signals at >6.00 and 
>6.07. In other compounds in this series where the 
pyrrolidine ring o<-substituent remained unaffected (i«e. 
the asymmetric centre persisted), the benzylic protons 
appeared as an AB quartet (JAjB> 12-13Hz)0 The collapse 
of this quartet to a singlet presented strong evidence 
that, in the final base (LVlll) there was no substituent
—86—
FIGURE 29
Reaction of trimethylacetyl chloride with aluminium
chloride and benzene
(c h 3) 3c — c *° a|C’3 -
’ t
3c© + CO
FIGURE 30
Reaction of the amino-acid hydrochloride (XXlXa) with POCl^
XXIXa
R 2^3-Dimethoxyphenanthr-9-ylmethyl
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at position two of the pyrrolidine ring. The two methoxyl 
signals accounted for the remaining six protons in the 
proposed structure (LVlll).
Chemical evidence which helped to confirm the structure 
of the base (LVlll) was obtained from its hydrogenolysis 
over palladium on charcoal. This reaction produced, as 
expected, 2,3-dimethoxy-9-methylphenanthrene as the only 
neutral product•
The production of the intermediate imine salt (LVll)
could be accounted for in terms of the mechanism proposed
by Rothstein and Saville1^0 for the decarbonylation of
trimethylacetyl chloride by aluminium chloride in benzene
solution (figure 29) „ Here, the initially formed acylium
ion underwent decarbonylation to form a carbonium ion
which reacted with the solvent to form t-butylbenzene. In
the present reaction, it is proposed that the formation of
131an acylium ion (LIX) proceeded as described by Acheson 
but was followed by decarbonylation (LX) and deprotonation 
to form the imine as shown in figure 3 0, rather than by 
decarbonylation and electrophilic attack on the phenanthrene
nucleus•
(lV) The final cycliacylation reagent investigated
. . _132,133 , . ,in the present work was polyphosphoric acid , wmcn,
in various concentrations has been used for similar
14,28cyclisations, 9 After a number of experiments, both
with the amino-acid hydrochloride (XXlXa) and the amino- 
acid chloride hydrochloride (LVa), it was found that a 
freshly prepared mixture of orthophosphoric acid (d,1.75) 
and phosphorus pentoxide in the proportion of 10;11.5» 
reacted with the amino-acid hydrochloride to give the 
most rewarding results, i«e, a 35*/° yield of (XXXa). 
Polyphosphoric acid of this strength was used for cyclisation 
of the three remaining acids (XXlXb,c,d) to give the 
phenanthroindolizi din ones (XXXb,c,d) in ca 20-3 Ofo yield.
In this reaction, the most important factor affecting 
the yield of ketone was temperature. Yields of ketone 
decreased rapidly if the reaction temperature rose above 
92°C, reaching zero at 110-120°C. This was surprising in 
view of the fact that N-benzylpipecolic acid had been 
cyclised by Hardtmann1^  to the expected quinolizidinone, 
using polyphosphoric acid at a temperature of 145-50°, in 
5 2^ yield.
The concentration of phosphorus pentoxide in the
polyphosphoric acid was less critical than temperature
control since the yields of ketone obtained using commercial
polyphosphoric acid, the polyphosphoric acid used by
2 8Marchini and Belleau, and the concentration finally 
utilised, did not matter greatly. However, when a 
polyphosphoric acid containing a large excess of phosphorus
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table 8
Optical rotation of intermediates in the 
synthesis of phenanthroindolizidines«
2 ,3 -Limethoxy 
series
2,3,6-Trime thoxy 
series
2,3,6,7-Tetra- 
methoxy series
V
Benzyl esters * ] * 5 - 2 6 tf - 1 3  ±2° «*]l5 -30 -f
(XXVIIIa,b,c) c.0.85 in CHCL^ c,1.7 in CHC1-, c,1.7 in CHCl^
Prolines o <.]25 _ 1 4 +2° o ( ] f - 4  ±2° - 1 5  ±2°
(XXIXa,b,c) c,0.88 in EtOH c,1.6 in EtOH c,1.75 in EtOH
Prolinols - 2 4  +2° -22 ±2° o4j4 -26 tf
(XXXIa,t>,c) c,0«94 in CHCl^ c,1.01 in CHCl^ o,0.6l in CHC1,3
Chlorides c*!^4 -20 ±2° o<J^4 -20 +2° o ^ 4 -20 i 2°
(XL IVa,b,c 
X=Cl)
o,0.91 in CHOP 3 c,0.93 in CHCl^ c,0«99 in GHC1?
90
pentoxide was employed (such, as that used successfully
135by Bhati and Kale  ̂ for the cyclisation of 4-phenylbutyryl 
chloride), the yield of ketone again became very low.
The low yields of phenanthroindolizidinones in the 
cyclisation step prompted investigation into ways of 
recovering unreacted amino-acid starting material.
Chloroform extraction of a solution of the amino-acid 
(XXlXa) in water buffered with sodium bicarbonate and 
sodium phosphate to pH 8 succeeded in recovering only 
small amounts of amino-acid but the yields were significantly 
better than for all other techniques investigated. As a 
result, no effort was expended in recovering the unreacted 
starting acids.
Previous to this stage in the synthetic pathway, all 
intermediates following the N-phenanthr-9-ylmethylation 
of benzyl-L-prolinate had shown optical activity, (table 8). 
However, cyclisation of the proline derivatives (XXlXa,b, 
c,d) with polyphosphoric acid caused racémisation of the 
asymmetric centre and eliminated any possibility of 
synthesis of the naturally occurring phenanthroindolizidines 
without a separate resolution step. This racémisation was 
not unexpected since Kunieda and co-workers had shown 
that the related indolizidin-8-one and quinolizidin-1—one 
underwent racémisation rapidly in acidic solution by a 
mechanism involving enolization of the ketone function.
L
O
G
FIGURE 31
Comparison of the U.V. spectra of the amino-acid hydrochloride (XXlXd) and the ketone (XXXd)
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Although, no correct analytical data were obtained 
for any of the phenanthroindolizidinones (XXXa,b ,c,d), 
they were adequately characterised by their infrared, 
ultraviolet and mass spectra. Their ultraviolet spectra 
were all significantly different from the preceding acids 
(a comparison of the 2 ,3 55 56-tetramethoxy substituted 
acid and ketone is shown in figure 3 1) and were character­
ised by the broad, intense band at ca 350 mjtA*. Infrared 
spectra (Nujol) of all ketones showed a band at I67O-8O cm  ̂
characteristic of a conjugated carbonyl group in a six 
membered ring.
Mass spectral analysis of the phenanthroindolizidinones 
(XXXa,b ,c,d), indicated that all formeds-
(I) a prominent molecular ion at the calculated 
molecular weight, with intensity 25-30$
(I I ) a base peak (100$) arising from the loss of 
C^H^N from the parent ion and
(ill) an ion arising from the loss of CO from the 
base peak (2 5-^0$).
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G. REDUCTION OF THE PHENANTHROINDOLIZIPIÑONES
The final stage in path. (ll)j (figure 26) now 
constituted reduction of the phenanthroindolizidinones 
(XXXa,b,c,d) to the corresponding phenanthroindolizidines 
(XXXlla,b ,c,d). A number of different techniques have 
been employed to effect a similar conversion in related 
ketones but all proved unsuccessful in the present work 
for the reasons outlined belows-
(I) Although the Huang-Minion variation of the
137Wolff-Kishner reduction was employed successfully by
2 8Marchini and Belleau for reduction of the quinolizidinone 
(LXl), when methoxy substituents were introduced into the 
phenanthrene moiety (2 ,3 ?6-trimethoxy), the yield of (-)- 
cryptopleurine was very low and extensive demethylation 
occurred. Similarly, the unsubstituted phenanthro- 
indolizidinone was reduced by this technique but when 
the method was applied to the trimethoxy-ketone (XXXb), 
no (1)-antofine (XXXllb) was isolated.
(II) Varying reports existed as to the effectiveness 
of the Clemens&n procedure for the required reduction.
For example, Marchini and Belleau showed that Clemensen 
reduction of the quinolizidinone (LXl) caused ring 
expansion and contraction to yield the azabicyclo (5?3?0)
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decane shown in figure 3 2 .
FIGURE 32
LX I LXII
Clemensen reduction of the unsubstituted 
phenanthroquinolizidinone
This observation was supported by the work of Clemo 
et al138 and Leonard and Wildman139 in experiments with other 
quinolizidinones. However, Rao and Wilson found that 
Clemensen reduction of the naturally occurring l4-hydroxy 
derivative of Tylocrebrine (v) was the most effective way 
of removing the hydroxyl group. This finding could not 
be confirmed in the present work as Clemensen reduction 
of neither the ketone (XXXb) nor its l4-hydroxy derivative 
produced any (-)-antofine.
/  \  12(111) Despite the fact that Govindachari et al had
prepared desoxytylophorinine from tylophorinine ( iv )  by
catalytic hydrogenolysis over palladium on charcoal in
acidic solvent, similar reactions could not be effected
in the present work. For example, when the technique
was applied to the trimethoxy ketone (XXXb) or its
l4-hydroxy derivative, no (i)-antofine was produced. This
result was also contrary to reports that palladium on
charcoal is the most effective catalyst for this type of
reduction^ ’ .
Finally, reduction of the series of ketones was
achieved through sodium borohydride reduction of their
l4l . .tosyl hydrazide derivatives. Comparison of this
technique with the catalytic hydrogenolysis employed by 
Govindachari et al for the reduction of tylophorinine 
showed that both yields and reaction times were similar, 
thus ensuring the enforced change in method was not 
detrimental to the overall yield. The products, the 
phenanthroindolizidines (XXXlla,b ,c,d) , however, were 
racemic and no attempts at resolution were made.
In two cases, where it was possible to compare the 
racemic phenanthroindolizidines directly with the naturally 
occurring alkaloids, (viz tylophorine (ill) and
tylocrebrine (v )) complete agreement in melting points, 
infrared and ultraviolet spectra and chromatographic
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behaviour (in a number of solvent systems) was obtained.
In the case of the trimethoxy substituted base, (i)-antofine 
(XXXIlb), the U.V., n.m.r. and mass spectra were identical 
with the published data. Additionally, the methiodide 
(prepared from the synthetic base with methyl iodide in 
chloroform and crystallised from ethanol) had the same 
melting point as the methiodide of the natural base, 
prepared and crystallised in the same way.
The dimethoxy substituted phenanthroindolizidine, 
(XXXlla) however, was new and has not been isolated from 
natural sources. It was characterised by its I.R., U.V., 
n.m.r. and mass spectra and by microanalysis. The mass 
spectrum of this phenanthroindolizidine showed a molecular 
ion at m/e 333 (4056), (calculated 333-4) and a base peak 
at m/e 264 (100$) which arose from the molecular ion by 
the loss of C. H N , an unsubstituted pyrrolideine moiety.4 7
This is in agreement with the reported mass spectra of 
(—)—antofine and (—)—tylophorine which both lose C^H^N 
from the molecular ion to form the base peak.
The synthetic pathway outlined in the present work 
allows for the facile synthesis of phenanthroindolizidines 
with a range of methoxyl substituents but it is expected 
that this pathway will be equally successful for all 
substituents and substitution patterns in the phenanthrene 
Therefore, the path now lies open for thenuc1eus.
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TABLE 9
Chemical shifts and coupling constants of the C-II 
(uncyclised) and C-9 (cyclised) benzylic protons.
COMPOUND V a  ( > ) V b  ( r ) J a b ( ^ )  '
B e n z y l  E s t e r s X X V IIIa 5 . 5 5 6.12 12.5
CDCl , 60M c. X X V IIIh 5 - 5 8 6.22 1 3 . 0
XXVI H e 5 . 6 3 6.53 12.0
(M e. e s t e r ) ( 5 . 5 3 ) ( 6. 50) ( 12. 0)
P r o l i n o l s XXXIa 5.62 6.20 13.0
C D C l,, 60Mc 
5
XXXIh 5 . 5 3 6.30 1 3 . 0
C h lo r i d e s XLIVa )
)
XLUTb ) Y = C l 
)
5.63 6.13 1 3 . 0
C D C l,, 6 0 Mc .
5
5.68 O b sc u re d 12.5
XLIYc ) 5.60 O b sc u re d 13.0
( - )  -B im e th o x y p h e n a n th r o in d o l i  z i d i n e 5 . 3 2 6.33 15.5
C BC l^, lOOMc (X X X IIa)
( i )  -  A n t o f in e ( x m i b ) 5 . 4 5 O b sc u re d 16.0
DMSO, 60Mc
( t )  -  T y lo c r e b r i n e  (X X X IId) 5 . 3 8 6 * 3 4 15.0
C BC l^, lOOMc.
( - )  -  C r y p t o p le u r in e  (IX ) 5 . 7 i 6.58 16.0
C BC l^, lOOMc.
( - )  -  C r y p t o p le u r i d i n e  (xi) 5 . 9 4 6.70 16.5
C B C 1,, lOOMc.3
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physiological testing of these compounds and their 
synthetic intermediates.
The n.m.r. spectra of the proline derivatives and 
the phenanthroindolizidines
An examination of the n.m.r. spectra of the benzyl 
esters (XXVllla,b ,c), the prolinols (XXXla,b), the chlorides 
(XL1V,a, b , c ), (i)-antofine (XXXllb), the dimethoxyphenan- 
throindolizidine (XXXlla) and (-)-tylocrebrine revealed a 
common significant feature. This was, that the C-ll 
protons in the uncyclised bases which became C-9 protons 
in the cyclised bases (the numbering systems are shown in 
figures 11 and 1 respectively) appeared as an AB quartet 
with chemical shifts and coupling constants shown in 
table 9 .
The non-equivalence of the C-9 axial and equatorial 
protons in the cyclised b a s e s 1 5 —l6Hz^ is in
ac c o rdanc e wi th:-
142(I) the observation by Fitzgerald and co-workers 
that the axial and equatorial protons c< to the nitrogen 
in quinolizidines have different chemical shifts and
(II) the observed splitting pattern of the C-9 protons
in cryptopleurine (lX) and cryptopleuridine (Xl) 16.0
and 16.5Hz respectively). 26
However, the splitting is still present in the
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uncyclised compounds, ^ 1 1  1 1’ l^-13Hz) , thus making a 
further explanation necessary. Firstly, it is known that 
methylene protons can be rendered magnetically non­
equivalent by an asymmetric centre up to seven bonds 
143away. The presence of an asymmetric centre at C-2
of the pyrrolidine ring provides such conditions for the 
present series of compounds (both cyclised and uncyclised). 
Secondly, the non-equivalence could be caused by restricted 
rotation of the Ar-C-11 bond, caused by the spatial 
requirements of the C-2 substituent in the pyrrolidine 
ring. The compound, N-2,3-dimethoxyphenanthr-9-ylmethyl- 
pyrrolidine (LVlll), provides support for both arguments. 
Here, the C-ll protons are magnetically equivalent but 
there is no substituent in the pyrrolidine -position, 
thus removing both the asymmetric centre and the reason 
for the restricted rotation. Both effects probably 
contribute to the non-equivalence of the protons in the 
oC -substituted pyrrolidines and a study of the temperature 
dependence of the observed splitting could be instructive.
In the cyclised compounds, the angle between the C-9 
axial proton and the *7 C orbitals of the phenanthrene ring 
is ca 20°, thus allowing the maximum 7T contribution to
144 . .geminal coupling to take place. This may explain the
observed increase in coupling constant of 3—4Hz on 
cyclisation.
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E X P E R I M E N T A L
-IOI-
G E N E R A L
Melting points are uncorrected and were determined 
on an electrically heated Shimadzu micro melting point 
apparatus .
All temperatures are expressed in degrees Centigrade.
Optical rotations were measured on a Hilger instrument 
in an 0 .5 dm micro tube.
Ultraviolet spectra were recorded on a Perkin-Elmer 
137 Ultraviolet-Visible spectrometer.
Infrared spectra were recorded on a Perkin-Elmer 
237 Infrared Grating spectrometer.
Silica used for thin layer chromatography was "Merck, 
Kieselgel G. nach Stahl". Alumina for chromatography was 
"Merck aluminium oxide, grade 1, neutral". Microscope 
slides for chromatography were prepared by dipping the slide 
(2 " x 1 ") into a suspension of silica in chloroform 
containing ca 1$ methanol. The plates were developed with 
n-butanol/acetic acid/water; 1 2:3;5 or chloroform/methanol; 
95:5. Spots were developed with iodine or ultraviolet
light.
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Comb ined organic phases from extractions were dried 
with anhydrous magnesium sulphate unless otherwise 
specified.
Nuclear magnetic resonance spectra were recorded on 
a Varian A6o spectrometer and a J.E.O.L. lOOMc. instrument 
by Mr. V. Pickles, using tetramethylsilane as an internal 
reference. Abréviations used to describe the n.m.r. 
spectra are: s, singlet ; d, doublet; q, quartet and 
m, multiplet.
Mass spectra were recorded on a M.S. 902 instrument 
by the Mass Spectrometry Unit of the University of 
Sydney•
Microanalyses were carried out by Dr. E. Challen of 
the University of New South Wales and by the C.S.I.R.O. 
Microanalytical Laboratory, Melbourne.
A. PREPARATION OF SUBSTITUTED PHENANTHRENE-9-CARBOXYLIC 
ACIDS
1. 2-Nitro-trans--phenylcinnamic acids
b,5-Dimethoxy-2-nitro~ -phenylcinnamic acid (XXXVe)
A mixture of phenylacetic acid (lO.Og., 7b mmole), 
6-nitroveratraldehyde  ̂ (l5 »5g«> 7b mmole), freshly 
distilled acetic anhydride (28.0 ml.) and dry 
triethylamine (l4.0 ml.) was refluxed gently for 15 
minutes while protected from moisture. The darkened 
solution was allowed to cool somewhat and poured into 
500 ml. of cold water containing sufficient sodium 
carbonate to make the final mixture basic (pH 9-10).
This solution was extracted with ether (3 x 30 ml.) and 
the resulting dark but clear aqueous solution was 
acidified with glacial acetic acid to pH b.0. The 
yellow precipitate or partially solidified oil was 
removed and redissolved in 1̂-00 ml. of 25^ ammonia 
solution. Precipitation with acetic acid was again 
effected and the yellow solid was filtered, pressed dry 
and recrystallised from aqueous alcohol to yield 1 3.6g. 
(66%) of the acid as yellow needles of m.p. 217-8° 
(lit. 50 219°). v'max. (Nujol) 1715 cm-1.
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4,5-Dimethoxy- (4-methoxyphenyl) -2-nitrocinnamic 
acid {XXXV g) '
A mixture of 4-methoxyphenylacetic acid (lO.Og.,
6 0 mmole), 6-nitroveratraldehyde (l2 .7g*j 60 mmole), 
freshly distilled acetic anhydride (28,0 ml.) and dry 
triethylamine (l4.0 ml.) was protected from moisture and 
heated for l6 hours on a boiling water bath. The 
resulting solution was poured into 500 ml. of cold water 
containing sufficient sodium carbonate to make the final 
mixture basic (pH 9—10). The required trimethoxy-acid
was isolated from this solution by the procedure 
described for the dimethoxy-acid (XXXVe) and was 
crystallised from 95$ ethanol. The final yield was 
1 3.0g. (60$) of yellow needles of m.p. 182-3° with prior
melting and resolidification between 90-130°. Repeated 
crystallisation from ethanol raised the melting point to 
184-5° (lit. ^ 0 185-6°). Y'max. (Nujol) 1685 cm“1.
3,4-Dimethoxyphenyl )-4,5-dimethoxy-2-nitrocinnamic 
acid (XXXVh) '
A mixture of 3 ,4-dimethoxyphenylacetic acid (l7«5g«>
90 mmole), 6-nitroveratraldehyde (l9.0g., 90 mmole),
freshly distilled acetic anhydride (36 ml.) and dry 
triethylamine (l8 ml.) was protected from moisture and 
heated on a boiling water bath for l6 hours. Work-up
was effected in the same way as the dimethoxy—acid
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(XXXVe) and the crude product was recrystallised from 
aqueous ethanol to yield 23g. (65$) of yellow needles 
of m.p. 184-5° (lit. 10 185°).
4,5-Dimethoxy-2-nitro-oi-(p-tolyl) cinnamic acid (XXXVf)
A mixture of p-tolylacetic acid (8.0g., 0.054m.), 
6-nitroveratraldehyde (ll.4go, 0.054m.), freshly distilled 
acetic anhydride (22.0 ml.) and dry triethylamine (ll.O ml.) 
was refluxed for 15 minutes under anhydrous conditions.
The required nitro-acid was isolated by the method described 
for the dimethoxy nitro-acid (XXXVe) and recrystallised 
once from 95$ ethanol to give 1 2.Og. (65$) of acid of 
sufficient purity for reduction. The analytical sample 
was crystallised from toluene and melted at 215-6°.
(Found: 0,63.2; H,5.2: N,4.2. Ci8H17N06 re(luires
0,63.0; H,5•0; N,4.1$).
2-Nitro-o(-(o-tolyl) cinnamic acid (XXXVe)
A mixture of o—tolylacetic acid (4.0g., 27 mmole), 
2-nitrobenzaldehyde (4.1g., 27 mmole), freshly distilled 
acetic anhydride (8.0 ml.) and dry triethylamine (4.0 ml.) 
was gently refluxed for 15 minutes under anhydrous 
conditions. The required nitro-acid was isolated by the 
method described for the dimethoxy nitro-acid (XXXVe) 
and was recrystallised from benzene to yield 4.2g. (55$)
of light fawn needles of m.p. 175-6 (lit. l68 ).
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2-Nitro-0( - (p_-tolyl) cinnamic acid (XXXVd)
A mixture of p-tolylacetic acid (5*0g., 33 mmole), 
2-nitrobenzaldehyde (5 *0g. , 33 mmole), freshly distilled 
acetic anhydride (lO.O ml.) and dry triethylamine (5*0 ml.) 
was gently refluxed for 15 minutes under anhydrous 
conditions. The nitrocinnamic acid was isolated by the 
method described for the dimethoxy nitro-acid (XXXVe) and 
was recrystallised from benzene to yield 5 *lg* (55$) °f*
fawn needles of m.p. 202° (lit.^ 204°).
cK -(4-Methoxyphenyl)-2-nitrocinnamic acid (XXXVb)
A mixture of 4-methoxyphenylacetic acid (l2.3g»>
Jk mmole), 2-nitrobenzaldehyde (ll.2g., 7^ mmole), 
freshly distilled acetic anhydride (20.0 ml.) and 
triethylamine (lO.O ml.) was heated at 100 for l6 hours 
under anhydrous conditions. The nitrocinnamic acid was 
isolated as previously described for the dimethoxy 
nitro-acid (XXXVe) and was recrystallised from alcohol 
to yield 1 3.3g. (60$) of yellow needles of m.p. 176-8
(lit.47 177°)•
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2. 2 - Amino-trans-CX-phenyl cinnamic acids
2-Amino-4,5-dimethoxy-CX-phenylcinnamic acid (xXXVle)
A solution of the nitrocinnamic acid (xXXVe), (lO.Og. ) 
in 100 ml. of ca 5M. ammonia solution was added dropwise 
with vigorous stirring to a suspension of ferrous 
sulphate (60g. ) in 400 ml. of ca 5M. ammonia solution 
maintained at 90-100° on a boiling water bath. One hour 
after addition was complete, the black suspension was 
filtered through a Buchner funnel and the residue washed 
with hot dilute ammonia (3 x 20 ml.). The clear filtrate 
was cooled and acidified to pH 5-5 with glacial acetic 
acid. The resulting yellow precipitate was filtered, 
pressed dry and was crystallised from aqueous ethanol to 
yield (88%) of the required amino-acid of m.p.
200-2° (lit.^ 209°) • V^max. (Nujol) 1670 cm ^.
2-Amino-4,3-dimethoxy-Q<- (4-methoxyphenyl) cinnamic
acid (XXXVlg)
The trimethoxy nitrocinnamic acid (XXXVg), (lO.Og.) 
was reduced by ferrous sulphate (60g.) using the method 
described for reduction of the dimethoxy nitro-acid 
(XXXVe).
The product, isolated as previously described, was 
crystallised from aqueous ethanol (charcoal) and melted
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at 205-6° (lit.2+0 206-7°). Yield: l.hg., (80$).
Ymax, (Nujol) 1660 cm .
2-Amino-4, ̂ -diracthoxy-O^- (3 » 4-dimethoxy phenyl) 
cinnamic acid (xXXVlh) '
The tetramethoxy nitrocinnamic acid (XXXVh), (lO.Og.)
was reduced by ferrous sulphate (60g.) using the method
described Tor reduction of the dimethoxy nitro-acid
(XXXVe). The tetramethoxy-amino cinnamic acid was
recrystallised from aqueous ethanol (charcoal) and melted
at 193-4°10# Yields 6.9g., (80$). Ymax. (Nujol)
1685 cm
2-Amino-4,5-dimethoxy-o(-(jj-tolyl) cinnamic acid (XXXVlf)
The nitrocinnamic acid (xXXVf), (lO.Og.) was reduced 
by ferrous sulphate (60g.) using the method described for 
reduction of the dimethoxy nitro-acid (XXXVe). The 
crude product was recrystallised from aqueous methanol 
to yield 7 -3g., (80$) of the required amino-acid
(m.p. 200-1°)•
2-Amino - 0(-(q-tolyl) cinnamic acid (XXXVlc)
The nitrocinnamic acid (XXXVe), (4.0g.) was reduced 
by ferrous sulphate (24g.) using the method described 
for reduction of the dimethoxy acid (XXXVe)* The crude 
product was recrystallised from aqueous methanol to
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yield 2.6g. (70$) of the required amino-acid which
melted at 228-30° (lit. 225°).
2-Amino- olyl) cinnamic acid (XXXVld)
The nitro-acid (xXXVd), (5*0g#) was reduced by 
ferrous sulphate (30g.) using the method described for 
reduction of the dimethoxy nitro-acid (XXXVe). The 
crude product was crystallised from aqueous methanol 
(charcoal) to yield the amino-acid 75$) which
melted at 204-6° (lit.^ 206°).
2-Amino - cK- (p-methoxyphenyl) cinnamic acid (xXXVlb)
The nitrocinnamic acid (xXXVb), (l2.0g«) was reduced 
by ferrous sulphate (72g.) using the method described 
for the dimethoxy nitro-acid (XXXVe)« The crude product 
was recrystallised from aqueous ethanol to yield the 
required amino—acid (7»6g#, 70$) which melted at 150—2
(lit.^ 1^9° ) •
-IIO-
3 • Phenanthrene-9—carboxylic acids
2,3-Dime thoxyphenanthrene-9-carboxy lie acid (XXXVlle)
A solution of* the amino-acid (XXXVle), (lO.Og.,
34 mmole), in acetone (300 ml.) was cooled to 5-10° and 
treated with isopentyl nitrite (9*0 ml., 70 mmole). The 
amino-acid was diazotised by the dropwise addition, with 
vigorous stirring, of 30^ sulphuric acid (4.0 ml.) and 
the mixture maintained at this temperature Tor 1 hour 
during which time the diazonium hydrogen sulphate 
precipitated from the solution. IT necessary, in this 
time, more isopentyl nitrite was added until a starch- 
iodide test paper showed a slight excess oT nitrite to 
be present. The suspension was treated directly with 
crystalline sodium iodide (ca 10g.) and aTter gas 
evolution had ceased, was boiled Tor 1 minute and poured 
into 1.51. oT hot water, (caution, lachrymatory). ATter 
cooling, the resulting suspension was Tiltered and the 
solid recrystallised Trom ethanol to yield 7*0g. (72̂ &)
oT the required acid as light cream needles oT m.p. 270 
(lit.50 272°). Vraax. (Nujol) 1685 cm"1.
The methyl ester, prepared from the acid and 
diazomethane, was crystallised Trom methanol to Torm 
colourless needles melting at 136-7° (lit* 137 )•
Vinax. (Nujol) 1710 cm"1. A  max. (m\fj) (Ethanol) 262,
(logé 4.6 0).
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The mother liquors from crystallisation of the acid 
were concentrated and a small amount of water added. A 
further 1 .5g* of crystals separated, which, after 
recrystallisation twice from toluene (charcoal) and then 
from ethyl acetate, yielded l.Og. of 2-iodo-4,5-dimethoxy- 
Q<-phenylcinnamic acid (XXXlXa) as colourless needles of 
m.p. 223-4°. (Found: 0,50.05 H,4.0. C^H^IO^
requires 0,49*8; H,3*7%)* Vmax. (Nujol) 1670 cm
The methyl ester, prepared from the acid by treatment 
with diazomethane, melted at 125—6° after recrystallisation 
from aqueous methanol. (Found: 0,50.9? H,4.0.
C18H17104 re(luires 0,51*0; H, 4.0%) .
The above methyl ester (100 mg.) was dissolved in 
cyclohexane (200 ml.) and irradiated at room temperature 
with ultraviolet light from a Hanovia photochemical 
reactor for 3 hours. At 30 minute intervals, a 1.0 ml. 
sample was taken, diluted to 20.0 ml. and its ultraviolet 
spectrum recorded. These spectra showed that the 
concentration of methyl 2,3—dimethoxyphenanthrene—9 — 
carboxylate gradually increased (as shown by the band 
at 262 m/*') to a maximum after 3*5 hours. (60% yield).
The cyclohexane solution was concentrated to ca 20 ml. 
and the product of the reaction was found to be 
chromatographically identical to an authentic sample of 
methyl 2,3“dimethoxyphenanthrene-9-carboxylate •
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2,3»6-Trimethoxyphenanthrene-9-carboxylic acid (XXXVllg) 
A solution of the amino-acid (XXXVlg), (5.0g., 16 mmole) 
in acetone (250 ml«) was cooled to 5—10° and treated with 
isopentyl nitrite (4.3 ml., 30 mmole) and 50$ sulphuric 
acid (2.0 ml.) in the manner described for the dimethoxy 
amino-acid (xXXVle). After 1 hour, the suspended 
diazonium hydrogen sulphate was treated with solid sodium 
iodide (ca 5g.) and the crude acid, isolated as previously 
described, was recrystallised from aqueous ethanol to 
yield 2.86g. (60$) of colourless needles of m.p. 218-20°.
(lit.2+0 222°). V^nax. (Nujol) 1675 cm -1. X  max. (Ethanol) 
258, 284, 318 my*.
(2,3,6,7-Tetramethoxyphenanthrene-9-carboxylic acid 
( (XXXVllh)
(2,3 9 5 » 6-Tetramethoxyphenanthrene-9—carboxylic acid(XXXYllj)
A solution of the amino-acid (xXXVlh), (9.5g»,
27 mmole) in dimethyIformamide (200 ml.) was cooled to 
5-10° and treated with isopentyl nitrite (7*2 ml.,
54 mmole) and 50$ sulphuric acid (3.0 ml.) in the manner 
described for the dimethoxy amino-acid (XXXVle). After 
1 hour, the diazonium hydrogen sulphate was treated with 
sodium iodide (ca lOg.) and the crude mixture of acids 
was isolated as previously described. The mixture was 
refluxed in ethanol (50 ml.) for 5 minutes, cooled and 
filtered under vacuum. The residue, after washing 
With hot ethanol (2 x 10 ml.), consisted of almost pure
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2,3,6,7-tetramethoxyphenanthrene-9-carboxylic acid.
Yield 2.9g. (32$), m.p. 280-2°. (lit.10 285°).
The filtrate was evaporated to dryness under reduced 
pressure and the residue was recrystallised three times 
from acetone to yield the 2,3,5,6-tetramethoxy-isomer 
as colourless needles, m.p. 215-7°* (lit.^ 210°).
Yield: 1.6g. (l7$).
2,3-Dimethoxy—6-methylphenanthrene-9-carboxylic
acid (XXXVllf)
A solution of the amino-acid (XXXVlf), (5*0g.,
16 mmole) in acetone (300 ml.) was cooled to 5-10° and 
treated with isopentyl nitrite (4.0 ml., 30 mmole) and 
50/o sulphuric acid (2.0 ml.) in the manner described 
for the dimethoxy amino-acid (XXXVle). After 1 hour, 
the suspended diazonium hydrogen sulphate was treated 
with solid sodium iodide (ca 5g*) and the crude acid 
isolated as previously described. The dark solid was 
dissolved in hot acetone^filtered, ethanol (100 ml.) 
added and the solution distilled until no acetone remained. 
Two such crystallisations produced the acid (2085g*, 60%) 
as very light yellow needles of m.p. 258—258.5 •
Found: C,72.6; H,5*5* Ci8Hl6°4 Te(fa±res C,72.9;
H,5*4$).
Tfre methyl ester, prepared from the acid by treatment
with diazomethane, crystallised as colourless needles of
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m.p. 172-3° from methanol. (Found: C,73.4$ H,5.9.
C19H18°4 requires C,73*55 H ,5.9%).
l-Methylphenanthrene-10-carboxylic acid (xXXVllc)
A solution of the amino-acid (xXXVlc), (2.0g.,
8 mmole) in acetone (100 ml.) was cooled to 5-10° and 
treated with isopentyl nitrite (2.2 ml,, l6 mmole) and 
30% sulphuric acid (l.O ml.) in the manner described for 
the dimethoxy amino-acid (xXXVle). After 1 hour, the 
mixture was treated with solid sodium iodide (ca 3g*) 
and the crude acid isolated as previously described. 
Crystallisation of the brown solid from benzene/pet. ether 
(b.p. 60-80°) produced 1.2g. (65%) of light fawn needles
of the acid of m.p. 180—1° (lit.^ 181-2°).
3-Methylphenanthrene-10-carboxylic acid (XXXVlld)
A solution of the amino-acid (XXXVld), (2.0g.,
8 mmole) in acetone (100 ml.) was cooled to 5-10° and 
treated with isopentyl nitrite (2.2 ml., l6 mmole) and 
50% sulphuric acid (l.O ml.) in the manner described for 
the dimethoxy amino-acid (XXXVle). After 1 hour, the 
mixture was treated with solid sodium iodide (ca ) and
the crude acid was isolated as previously described. 
Crystallisation of the product from ethyl acetate yielded
O / ¿|.Q o \1.4g. (75%) of the acid of m.p. 236—7 (lit. 238 ).
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3-Methoxyphenanthrene-10-carboxylic acid (XXXVIlb)
A solution of the amino-acid (xXXVTb), (2.0g.,
7«5 mmole) in acetone (lOO ml.) was treated with isopentyl 
nitrite (2.0 ml., 15 mmole) and 50$ sulphuric acid (0.85 ml.) 
in the manner described for the dimethoxy amino—acid 
(XXXVle). After 1 hour, the mixture was treated with 
sodium iodide (ca ) and the crude acid isolated as 
previously described. Crystallisation of the product 
from aqueous ethanol yielded 1.4g. (75$) of the acid
of m.p. 238-9° (lit. 7 239°).
Phenanthrene-9-ca-hboxylic acid (XXXVlla)
A solution of 2-amino-c(-phenylcinnamic acid (2o0g.,
\ 64 .8.2 mmole), prepared by the method of Davy, in acetone 
(lOO ml.) was treated with isopentyl nitrite (2.2 ml.,
17 mmole) and 50$ sulphuric acid (l.l ml.) in the manner 
described for the dimethoxy amino-acid (XXXVle)0 After 
1 hour, the mixture was treated with sodium iodide 
(ca 3g.) and the crude acid isolated as previously 
described. Crystallisation of the product from aqueous 
methanol yielded 1.3g. (70$) of fawn needles of m.p.
248-50° (lit.^ 250-2°).
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^• Attempted N-phenanthr-9~0ylation of benzyl-L~prolinate
(I) 2,3-Diniethoxyphenthr-9-oyl chloride (XLl)
Thionyl chloride (0.4 ml., 5*^ mmole) was added
to a suspension of 2,3-dimethoxyphenanthrene-9-carboxylic 
acid (0.5g. , 1-8 mmole) in dry benzene (20 ml.) containing
1 drop of dime thy If ormamide and the mixture was refluxed 
under anhydrous conditions for 1 hour, during which time 
the acid dissolved. The yellow solution was filtered 
through a glass wool plug into a dry flask and the excess 
of thionyl chloride and benzene removed by distillation.
The acid chloride crystallised as yellow needles from a 
small volume of benzene, was filtered off, washed with 
a small volume of pet. ether and dried in a vacuum 
desiccator over potassium hydroxide. The yield was 
0.48g. (9056).
(II) Acylation attempts
A solution of the above acid chloride (0.47g#, 
1.6 mmole) in dry dimethylformamide (10 ml.) was added 
to a well stirred suspension of benzyl-L-prolinate 
hydrochloride1^  (O.k5ë*, 1-9 mmole) and freshly fused 
potassium carbonate (0.26g., 1.9 mmole) in dimethyl—
formamide (20 ml.) and the mixture stirred at room 
temperature for 2 hours and then at 50° for 1 hour. The 
resulting suspension was poured into water (300 ml.), the
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pH adjusted to ca 8 and extracted with ether (3 x 20 ml,)« 
The combined ether layers were extracted with cold dilute 
hydrochloric acid (2 x 10 ml.), the ether washed with 
water, dried and evaporated to dryness under reduced 
pressure. No product which could be identified as 
the expected amido-ester (XLll) was isolated. Acidification 
of the original basic solution allowed recovery of the
2,3-dimethoxyphenanthrene-9-carboxylic acid.
A number of experiments using pyridine or dioxan as 
solvent and potassium carbonate or tetramethy1 ammonium 
hydroxide as base were carried out using similar 
conditions to those reported above, but again, no 
amido-ester was isolated from any experiment.
B. REDUCTION, CHLORINATION AND N-ALKYLATION
1 • Reduction of the ph.enaxith.roic acids
9—Hydroxy me thy 1-2,3-dime thoxyphenanthrene (XXVa )
The acid (XXXVlle), (lO.Og., 35 mmole) was added 
slowly with stirring to a suspension ol sodium 
borohydride (l.l5g«? 30 mmole, 20$ excess) in diglyme 
(75 ml.). Alter evolution of gas had ceased, the 
solution was cooled to 5—10°, protected from moisture, 
and a solution ol boron trifTuoride diethyl etherate 
(5#4 ml., k2 mmole) in diglyme (20 ml.) was added dropwise 
over 15 minutes with stirring. Alter 2 hours at this 
temperature, the solution was poured into 11. ol hot, 
very dilute ammonia solution which caused the precipit­
ation ol a white solid. Alter cooling the mixture, the 
solid was liltered oil, dried, and was recrystallised 
irom benzene to yield 8.1g. (85$) °1 "tBe alcohol as
colourless needles ol m.p. 201-2°. (Found: C,76.2;
h,6.2. ci7Hi6°3 reRuires C>76.1; h,6.o$).
Vmax. (Nujol) 3220 (broad), 1620, 1610, 1510, 1260, ll60 
1025, 900, 850, 760 cm X  max. (Ethanol) 256,277 m *
2 ,3-Dimethoxy-9-methylphenanthrene
The dimethoxy-acid (XXXVlle), (l.Og., 3»3 mmole) 
added slowly with stirring to a suspension ol sodiumwas
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borohydride (0.4g., 10.5 mmole) in diglyme (20 ml.).
After evolution of gas had ceased, a solution of boron 
trifluoride diethyl etherate (2.0 ml., 15.6 mmole) in 
diglyme (5 ml.) was added dropwise with stirring. The 
solution was protected from moisture, stirred at 50° for 
2 hours and poured into water (500 ml.). The precipitate 
was filtered, dried and recrystallised from pet. ether 
(b.p. 60-80°) to yield the phenanthrene (0.72g., 80$) as 
colourless needles of m.p. 1^3-^° (lit.^ 130-1°)•
(Found: C,80o6; H,6.3. requires 0,80.9; H,6.4$).
"Vniax. (Nujol) 1610, 1620, 1255, ll60, 1025, 895, 850 cm 
Arnaxo (Ethanol) 257, 277, 335 and 352 m¿4 . The n.m.r. 
spectrum (CDCl^) showed signals at T' 1.53 (lH,m,C5-H);
2.10 (1H,m,C8-H); 2.Xk (lH,s,C4-H)$ 2.k\ to 2.58
(2H,m,C6 and C7-H); 2.67 (1H,s,C10-H); 3.00 (lH,s,Cl-H);
6.03 and 6.10 (6H,2s,2x0CH3); 7-^0 (3H,d,J1.0Hz,ArCH3)
9-Hydroxymethyl-2,3,6-trimethoxyphenanthrene (XXVb)
The acid (XXXVllg), (3-5g., H  mmole) was reduced by 
diborane, prepared from sodium borohydride (0.38g.,
10 mmole) and boron trifluoride diethyl etherate (l.7 ml.,
13 mmole), by the method described for dimethoxy-acid 
(XXXVlle). The crude alcohol was crystallised from 
benzene to yield 3*2g. (95$) of colourless needles of
m.p. 187° (lit.28 184-7°). The n.m.r. spectrum (CDCl^ 
showed signals at "Y 1*93 (1H,d,J9•0Hz,C8-H); 2.20
-120-
(2H,broad,C5-H,C4-H); 2.52 (1H,s,C7-H or C10-H);
2.71 (1H, s,C7-H or C10-H); 2.87 (1H,s,Cl-H); k.9k
(2H,s,ArCH„0); 5-95, 6.02, 6.03 (9H,3xOCH); 8.10
(lH,s,OH) , Disappeared on exchange with D,0.
9-Hydroxymethyl-2,3,6,7-tetramethoxyphenanthrene (XXVc) 
The acid (xXXVllh), (3-5g., 10 mmole) was reduced by
diborane, prepared from sodium borohydride (0.34g.,
9 mmole) and boron trifluoride diethyl etherate (1,55 ml.,
12 mmole), by the method described for the dimethoxy acid 
(XXXVlle). The crude alcohol was crystallised from 
benzene to yield 2.9g. (86$) of colourless needles of
m.p. 183-4° (lit.13 183°). The n.m.r. spectrum (CDCl^) 
showed signals at *7̂  2.45 (lH,s,C8 or C10-H); 2.52
(lH,s,C8 or C10-H); 2.70 (2H,s,C4 and C5-H); 3-08
(lH,s,Cl-H); 5.12 (2H, s,ArCH20); 6.03 to 6.17 (l2H,4x0CH^)
and 7.57 (lH,s,0H). This signal disappeared on exchange 
with D^O.
9-Hydroxymethyl-2,3,5,6-tetramethoxyphenanthrene (XXVd) 
The tetramethoxy-acid (XXXVllj), (2.5g*? 7*3 mmole)
was reduced by diborane, prepared from sodium borohydride 
(0.25g., 6.6 mmole) and boron trifluoride diethyl etherate 
(1.05 ml., 8.2 mmole), by the method described for the 
dimethoxy acid (XXXVlle). The crude product was isolated 
as usual and was crystallised from benzene to yield the
alcohol (l.70g., 70$) of m.p. 129-31° (lit.15 133°).
2• Chlorination of the Alcohols
9-Chioromethy1-2,3-dimethoxyphenanthrene (XXYla)
A solution of the alcohol (xXVa), (5-0g. , 19 mmole)
in dry chloroform (100 ml.) was treated with freshly 
distilled thionyl chloride (4.1 ml., 56 mmole), and dry 
pyridine (2 .0 ml., 25 mmole) and refluxed for 1 hour under 
anhydrous conditions. The resulting solution was poured 
into cold water (500 ml.) and the chloroform phase was 
washed twice with water, once with saturated sodium 
chloride solution and was dried with calcium chloride. 
Evaporation of the chloroform under reduced pressure gave 
the crude chloride which was recrystallised from pet. 
ether (b.p. 100-120°) to give 4.9g. (90#) of colourless
needles of m.p. 157-8°. (Found: 0,71.5; H,5.5*
Cn~Hn~C10o requires C,71*2$ H,5*3#)* ^  max. (Nujol)17 15 ^
1620, 1610, 1515, 1260, 1220, 1165, 1025, 900, 850, 760 cm“1.
A  max. (Ethanol) 260, 280, 336, 352 m/*. The n.m.r. 
spectrum (CDC1„) showed signals at r 1.53 (lH,m,C5-H);
1.92 (lH,m,C8-H) 5 2.20 (lH,s,C4-H)5 2.35 to 2.52
(3H,m,c6,C7 and C10-H); 2.99 (lH,s,Cl-H); 5-0^ (2H,s,ArCH2Cl)
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6.02 and 6.10 (6h , 2s ,2xOCH^).
9-Chloromethyl-2,3,6-trimethoxyphenanthrene (xXVb)
The alcohol (XXVb), (5*0g., 17 mmole) was dissolved 
in dry chloroform (100 ml.) and treated with thionyl 
chloride (3*8 ml., 50 mmole) and dry pyridine (l.8 ml.,
20 mmole) as described Tor the dimethoxy—alcohol (xXVa).
The crude chloride was recrystallised from benzene/pet. 
ether (b.p. 60-80°) to yield ^.8g. (90$) of colourless
needles of m.p. 152-3° (lit.2  ̂ 150-1°). The n.m.r. 
spectrum (CDCl^) showed signals at 7^1.98 (lH,d,J9*0Hz,C8-H); 
2.22 (lH,d,J2.5Hz,C5-H); 2.28 (lH,s,C4-H); 2.55 (lH,s,C10-H);
2.72 and 2.87 (1H,d.d,J2.5Hz,C7-H); 2.95 (lH,s,Cl-H)$
5.05 (2H,s,ArCH^Cl); 5*98 and 6.05 (9H, 2s,3x0CH^).
9—Chloromethyl-2,3 >6,7-tetramethoxyphenanthrene (XXY1c)
The alcohol (XXVc), (2.5g*> 7 mmole) was suspended in 
dry chloroform (100 ml.) and treated with freshly distilled 
thionyl chloride (l.6 ml., 7 mmole) and dry pyridine (0.8 ml., 
10 mmole) as described for the dimethoxy-alcohol (XXVa).
The crude chloride was recrystallised from benzene/pet. 
ether (b.p. 60-80°) to yield 2.4g. (90$) of colourless
needles of m.p. 190° (lit.13 190°). The n.m.r. spectrum 
(CDClo) showed signals at 7“ 2.42 and 2.48 (2H,2s,C8 and 
C10-H); 2.62 and 2.67 (2H,2s,C4 and C5-H); 3.02 (lH,s,Cl-H);
5.13 (2H,s,ArCH2ci); 6.00 and 6.10 (12H,2s,4x0CH^).
- 123-
9-Chloromethyl-2,3» 5»6-tetramethoxyphenanthrene (XXVld) 
The alcohol (XXVd), (l.7g»> 5*2 mmole) was dissolved 
in dry chloroform (100 ml. ) and treated with freshly 
distilled thionyl chloride (l.l ml., 15 mmole) and dry 
pyridine (0.8 ml., 10 mmole) as described for the 
dimethoxy-alcohol (XXVa). The crude product was isolated 
as usual and was crystallised from benzene/pet. ether 
(b.p. 60-80°) to give the chloride (l.6g., 89%) as light 
yellow needles of m.p. 162-3 (lit.^ 163-^°)*
3 o N-Alkylation
(- )-Benzyl N-2,3-dimethoxyphenanthr-9-ylniethy 1-
L—pr o 1 ina t e" (XXVllla ) '
To a stirred suspension of benzyl-L-prolinate 
hydro chloride (XXVll), (5»56g»j 23 mmole) and freshly
fused and crushed potassium carbonate (3*^5 g* » 25 mmole)
in distilled and dried dimethylformamide (50 ml.), was 
added the chloride (XXYla), (6.0g., 21 mmole). The 
mixture was protected from moisture, stirred overnight 
at 60° and was poured into 0.1N. hydrochloric acid 
(300 ml.). The resulting solution was extracted with 
ether (2x25 ml.), cooled with ice, basified with k0%o
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sodium hydroxide solution and re-extracted with
dichloromethane (4x25 ml.). The combined dichloromethane
layers were washed with water (2x50 ml.), dried and
evaporated to dryness under reduced pressure and the
residue taken up in benzene (50 ml.). This solution
was eluted through a short column of neutral alumina (25g*)
with benzene (the ester has a high in this system and.b
its progress in the column was followed by its fluorescence 
under U.V. light) and the eluate was evaporated to dryness 
under reduced pressure. The residue was crystallised from 
pet. ether (b.p. 80-100°) to yield 8.0g. (8ktfo) of the
benzyl ester as colourless needles of m.p. 113-4°. The 
analytical sample was crystallised from ether and melted 
at 114-5°. (Found: 0,76.2$ H,6.5$ N,3.2. C^H^NO^ 
requires 0,76.4; H,6.4; N,3-l$>). o^J^- ^  (^jO.85
m  CHCl^ ) . max • (KBr disk) 1740, 1610, 1600, 1500,
1250, 1165, 1150, 1020, 760 cm-1. 1  max. (mfj,) (Ethanol)
258 (log £  4.73); 278 (4.45); 334 (3 .29)5 350 (3-24);
inf1. 305 (3 .9 3). The n.m.r. spectrum (CDC1„) showed 
signals at T  1.40 to 1.55 (2H,m,C6 and C5-H); 2.04
(lH,s,C4-H); 2.45 (2H,m,C6 and C7-H); 2.68 (1H,s,C10-H);
2.72 (5H,s,Ar-H) ; 2.85 (lH,s,Cl-H); 4.93 (2H, s , ArCTL-,0 ) •
5.55 and 6.15 (2H.ABq,J12.0Hz,ArCH2N)5 5.95 and 6.03
(6H,2s,2x0CH„)5 8.05 (4H,m,(CH2)2).
The hydrochloride crystallised as colourless needles
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from absolute ethanol/acetone and melted at 203-5° 
(decomp.). (Found: 0,70.7? H,6.2; N,2.9. C H CINO^
requires C,70.8? H,6.2? N,2.9$). V"max. (Nujol) 1760,
1620, 1610, 1510, 1260, 1160, 850 cm-1.
2,3-Dimethoxyphenanthr-9~ylniethyl methyl ether
A mixture of benzyl-L-prolinate hydrochloride 
(o.47g. ,  1.8 mmole), freshly fused and crushed potassium 
carbonate (0 .26g. , 1.9 mmole) and 9-chloromethyl- 
2,3-dimethoxyphenanthrene (0. 5g*» 1.75 mmole) in dry 
methanol (50 ml.) was refluxed for 3 hours while protected 
from moisture. The suspension was poured into hot water 
(500 mlo), cooled and filtered and the residue was 
crystallised once from methanol and thereafter from pet. 
ether (b.p. 60-80°). The ether, 0.40g. (80$), was 
obtained as colourless plates of m.p. 127-8°. (Found: 
c,76.3 ; h ,6.4. Ci8hi8o requires 0,76.6; H,6.4$).
•/max. (Nujol) 1255, 1080, 1015 cm-1. !X max. (Ethanol) 
256, 277, 334 and 350 m /*. The n.m.r. spectrum (CDCl^)
showed signals at *Y 1.47 to I.63 (lH,m,C5-H); 1 .83 to
2.00 (lH,m,C8-H)? 2.42 to 2.57 (3H,m,C6, C7 and C10-H) 5 
2.93 (1H,s,Cl-H)? 5-20 (2H,s.ArCH^O); 6.03 and 6.10 
(6H,2s,2x0CH )? 6.62 (3H,s,0CH3).
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(-) -Benzy 1 N-2 , 3 » 6-trime thoxyphenanthr-9-ylniethyl- 
L-prolinkt e (XXVIlib)
The trlmethoxy benzyl ester (XXVlllb) was prepared
and isolated as described Tor the dimethoxy benzyl ester
(XXVllla) from benzy1-L-prolinate hydrochloride (2.54g. j
11 mmole), potassium carbonate (l.65g., 12 mmole) and
9-chloromethyl-2 ,3,6-trimethoxyphenanthrene (3 *0g. 9
10 mmole). After elution through the alumina column,
the ester was crystallised once from methanol to yield
3.6g. (80^) of colourless needles which melted at 125-6°.
The analytical sample was crystallised from dichloromethane/
ether and melted at 128-9°. (Pound: 0,74.2; H,6.4,
N,2.9- 0o~Ho-N0e requires 0,74.2; H, 6.4; N,2.9$)*30 31 5
on^° -13 - 2° (c, 1.7 in CHC13). Ymax. (Nujol) 1750, 
1615, 1515, 1250, 1210, 1170, Il60, 835, 725 cm““1.
[X max. (Ethanol) 259 mja. (log £ 4.69); 285(4.43);
339(3.00); 356(2.69); Xinfl. 310(3.92). The n.m.r.
spectrum (CDCl^) showed signals at 1.53 (lH, d, J9.0Hz, 
C8-H) ; 2.10 and 2.13 (2H, broad, C4 and C5-H) ; 2.58
(lH,s,C10-H) ; 2.78 and 2.92 (lH, d.d. C7-H) ; 2.87
(lH,s,Cl-H); 4.93 (2H, s,ArCH20); 5.58 and 6.22 (2H,ABq,
J13.0Hz , ArCH^N) ; 5*95 and 6.03 ( 9H, 2s , 3x0011̂  ) and 8.05
(4H, m,(CH2)2).
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(-)-Benzyl N-27-tetramethoxyphenanthr-9-ylmethyl- 
L-prolinate (xXVlllc)
The tetramethoxy benzyl ester (XXVlllc) was prepared 
and isolated as described Tor the dimethoxy benzyl ester 
(XXVllla) Trom benzyl-L-prolinate hydrochloride (l.25go,
5 mmole), potassium carbonate (0.8g., 6 mmole) and 
9-chloromethyl-2,3,6,7-tetramethoxyphenanthrene (l.75g* ?
5 mmole). Alter elution through the alumina column, the 
ester was crystallised once Trom methanol to yield 2.2g.
(85%) oT colourless needles melting at 156-7°• The 
analytical sample was crystallised Trom dichioromethane/ 
ether and had m.p. 157*5-l58°o (Found: 0,72.2; H,6.5;
N,3.1. C^H^NO^ re(iuires 0,7 2.2 ; H,6.5; N,2.7%«)
OiJ^° - 30 i 2° (C,1.7 in CHCl^). Vmax. (Nujol), 1752, 
1620, 1520, 1265, 1205, 1200, 1175, 840, 740 cm-1.
max. (Ethanol) 257 mfA (logé 4.80); 2 8 7(^0^8)5
302(4.24); 338(3.32); 35^(3.05); Ainfl. 324(3.6o).
The n.m.r. spectrum (CDCl^) showed signals at y  1.90 
(1H,s,C8-H); 2.30 (2H, s,C4 and C5-H); 2.65 (1H,s,C10-H);
2.77 (5H,s,Ar-H) 5 2.93 (lH,s,Cl-H); 4.95 (2H,s,ArCHgO);
5.63 and 6.53 (2H.ABq.J12.0Hz,ArCH„N); 5.97 and 6.07
(12H,4x OCH ) and 8.17 (4H,m,(CH2)2).
Methyl N-2,3,6,7-tetramethoxyphenanthr~9-ylniethyl- 
L-prolinate
The methyl ester was prepared in the same way as the 
benzyl ester (XXVlllc) Trom methyl-L-prolinate hydrochloride
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(0.50g. , 3*0 mmole), 9-ch.lorometh.yl-2,3 ,6,7-tetramethoxy- 
phenanthrene (l.Og., 2.9 mmole) and freshly fused 
potassium carbonate (o.48g., 3 . 5 mmole). The crude 
product was isolated as previously described and was 
crystallised from methanol to give the ester (l.lg., 90$) 
as colourless needles of m.p. 171-2°. (Founds 0,68.2 ; 
H,6.7; N,3»2. C^H^NO^ requires 0,68.3$ H,6.7$
N,3.2%). V* max. (Nujol) 1743, 1630, 1613, 1310, 1260,
1250, 1200, 1143, IO6 3, 873 cm"'*'. The n.m.r. spectrum 
(CDCl^) showed signals at r  1 .83 (lH,s,C8-H); 2.23
(2H,s,C4 and C5-H) 5 2.62 (1H,s,C10-H); 2.83 (lH,s,Cl-H);
5.33 and 6.30 ( 2H, ABq, J12.0Hz , ArCHyST) • 3.88, 3*93, 3.93,
6 .03 (12H,4s ,4xOCH3 ) 5 6 o 33 (3H,s ,OCH3); 8.17 (4H,m,(CH2)2).
Benzyl N-2,3,5,6-tetramethoxyphenanthr-9-ylmcthyl-
L-prolinate (XXVIlid) '
The tetramethoxy benzyl ester (xXVllld) was prepared 
and isolated as described for the dimethoxy benzyl ester 
(XXVI11a) from benzyl-L-prolinate hydrochloride (l.21g.,
3.0 mmole), 9-chloromethyl-2,3,3,6-tetramethoxyphenanthrene 
(l.7g., 4.9 mmole) and freshly fused potassium carbonate 
(0.76g., 3.3 mmole). The crude ester was isolated as usual 
and passed through a short alumina column, but all attempts 
to crystallise it failed. ymax. (Hexachlorobutadiene)
1730 cm" • The oil was directly hydrogenolysed to the 
amino-acid hydrochloride (XXlXd).
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C. PREPARATION OF THE PROLINOLS AND CYCLIALKYLATION 
ATTEMPTS
1. Preparation of* the pro lino Is
(-) -N-2,3 ,-Dimethoxyphenanthr-9~ylmethyl-L- 
prolinol (XXXla)
A solution of the benzyl ester (XXVllla), (l.Og.,
2 . 2 mmole) in dry tetrahydrofuran (20 ml.) was added 
dropwise to a stirred suspension of lithium aluminium 
hydride (0 .5g*, 13 mmole) in dry ether and refluxed with
the exclusion of moisture, for 3 hours. The excess of 
hydride was destroyed by the dropwise addition of 0.1N 
sodium hydroxide and the solvent removed under reduced 
pressure. The residue was taken up in cold, cone, 
hydrochloric acid (20 ml.), diluted to 300 ml. with water, 
filtered, cooled and basified with h0% sodium hydroxide.
The precipitated alcohol was extracted into dichloro— 
methane (3x20 ml.), the combined organic phases dried, 
and evaporated to dryness under reduced pressure. 
Crystallisation of the residue from benzene/pet. ether 
(b.p. 60-80°) yielded 0.70g. (90$) of the prolino1 (as
colourless needles) of m.p. 176-7°. (Found: 0,75.1?
H,7.3$ N,4.3. C22H25N°3 requires 0,75.2; H,7-2; N,4.0$).
o(Jp5 - 2k i 2° ( 0 , 0 . 9 4  in  CHCl^). Ym ax. (Nujol) 3360 
(broad), 1620 ,  1 6 1 0 ,  1510 ,  1260 ,  1 165 ,  10k 0 9 1030 ,  845,
77O cm"’*’. The n.m.r. spectrum (CDCl^) showed signals
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at > 1  o37 to 1.52 (lH,m,C5-H); 1.67 to 1.83 (lH,m,C8-H);
2.03 (lH,s,C^-H); 2.33 to 2.50 (3H,m,C6,C7 and C10-H);
2.80 (1H, s , Cl-H) ; 5.62 and 6.20 (2H, ABq, J13 . 0Hz , ArCiySf) ; 
5-93 and 6.00 (6H, 2s,2xOCH )$ 7.10 (2H,m,N-CH2-R);
8.20 (4H,m, (CH ) ); 7.53 (lH,s,0H), (disappeared on
exchange with D 0) .
The hydrochloride crystallised as colourless needles 
from absolute ethanol/acetone and melted at 248-51 
(decomp.), (Found: 0,68.4; H,6.7; N,3*8. ^22^26 ̂ ^^3
requires 0,68.1; H,6.8; N,3.6#). V"max. (Nujol) 1620,
1610, 1510, 1260, 1025, 850, 750 cm-1.
(- ) -N-2,3 ,̂-Trimethoxyphenanthr-S^-ylHiethyl-L- 
prolinol (XXXlb) ^
The trimethoxy benzyl ester (XXVlllb), (l.Og.,
2.4 mmole) was reduced by lithium aluminium hydride (0.5g0 
by the method described for the dimethoxy ester (XXVXlla). 
The crude prolino1 was crystallised from benzene/pet. ether 
(b.p. 60-80°) to yield 0.71g. (90#) of colourless needles of
m.p. 148-9 • (Found: 0,72.7$ H,7*0$ N,3«8. “̂'23^27^^4
requires 0,72.4; H, 7• 1 5 N,3»7#* ^  ^
(0,1.01 in CHCl^). *Vmax. (Nujol) 1620, l6l0, 1510,
1250, 1240, 1210, Il60, 1035, 845 cm""1. The n.m.r. 
spectrum (CDCl^) showed signals at ^  1.87 (1H, d, J9°0Hz , 
C8-H); 2.16 (lH,d,J2.5HZ,C5-H); 2.18 (lH,s,C4-H);
- I 3 I -
2.60 (lH,s,C10-H) 5 2.71 and 2.86 (lH,d.d,J7 g9.0Hz,
73.0Hz,C7-H); 2.85 (lH,s,Cl-H)$ 5-72 and 6.30
(2H,ABq,J13.0Hz,ArCH2N); 5-98, 6.03 and 6.07 (9H, 3s,3x0CH^);
7*32 (lH,s,0H) (disappears on exchange with D^O); 8.23
(4H,m,(CH^)^). Signals occurred also at 7^6.^5, 6.52 
and 6.55*
(-) -N—2,3 9 6,7-Tetramethoxyphenanthr-9-ylmellLyl--L- 
prolinol (XXXlc) ~~
The tetramethoxy benzyl ester (XXVlllc) or its 
corresponding methyl ester (l.Og.) was reduced by lithium 
aluminium hydride (0.5g*) by the method described Tor the 
dimethoxy ester (XXVllla). The crude prolinol was 
crystallised from benzene to yield 0.68g. (86$) oT
colourless needles oT m.p. 220 (lit.  ̂220 ).
- 26 i 3° (C,0.6l in CHC13)o Vmax. (Hexachloro-
butadiene mull) 1510, 1480, 1^3 0, 1260, 12̂ -5? 1200, 1060,
1040 cm’*'*'.
2. Cydialkylation attempts with the prolinol (XXXla)
(a) With Aluminium chloride
(i) The prolinol (XXXla), (llOmg., 0.31 mmole) 
dissolved in dry nitrobenzene (10 ml.) and treatedwas
-132-
with, aluminium chloride (lOOmg., 0.8 mmole). After 
stirring at k5° for 90 minutes with the exclusion of 
moisture, the dark solution was poured into hydrochloric 
acid (2N, 20 ml.) and the nitrobenzene removed by steam
distillation. The remaining solution was cooled, 
basified and extracted with ether (3x20 ml.). The 
combined ether layers were dried and concentrated under 
reduced pressure to ca 10 ml. Examination of this 
solution by thin layer chromatography on silica showed 
that only starting material was present.
(ii) The prolino1 (XXXla), (230mg., 0.66 mmole) 
was dissolved in dry nitrobenzene (10 ml.) and treated 
with aluminium chloride (270mg. , 2.0 mmole). After 
stirring for 3 hours at 70°, the solution was poured 
into hydrochloric acid (2N, 20 mlo) and the nitrobenzene 
removed by steam distillation. The remaining, cooled 
solution was treated with sodium tartrate (est lg. ) , 
basified with sodium bicarbonate and extracted with 
chloroform (3x20 ml.). The residue, obtained after 
drying and evaporation of the chloroform, was crystallised 
once from a very small amount of ethanol and thereafter 
from benzene• The yield of the monomethoxy phenol 
(Lia or Lib) was l^Omg. (6̂ fo) of colourless needles of 
m.p. 215-7° (decomp.). (Found: 0,75*2; H,7*0> N,4.1.
C21H23N°3 re(lu:i-res 0,7^*8; H,6.9; N,4.2$>). Vmax.
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(KBr disk) 3250 (broad), 1610, 1490, 1450, 1265, 1180,
1150, 1025 cm"1. Vmax. (Nujol) 1620, 1255, 1155,
1040 cm X  max. (Ethanol) 257 m ( Amax. Ethanol
+ NaOH 254), 287 (294), 3̂ -0 and 356 combine to give a 
broad, more intense band at 350 mJA. • The mass spectrum 
(70eV. ) showed a molecular ion at m/e 337 (2$) (calculated 
for C^H^NO^ 3 3 7.4 ) and a base peak at m/e 227« Peaks 
at m/e 336 (2$) and 306 (20$) were also prominent. The
n.m.r. spectrum (100 Me., D.M.S.O.-d^) showed signals 
at y  1 .4 7  to 1.6 7  (2H,m,C5—H,C8-H); 1.97 (lH,s,C4-H);
2.33 (lH,s,C10-H); 2.47 (2H,m,C6-H,C7-H); 2.60
(1H,s,Cl-H); 5.46 and 6.30 (2H,ABq, J=13.0Hz,ArCH^N);
6.06 (3H,S,0CH„); 7.24 (2H,m,C$X ; 8.38 (4H,m,C31
and C41-H„).
(b) With boron trifluoride
Boron trifluoride gas (prepared from potassium 
tetrafluoroborate, 0.2g. )* was passed into nitrobenzene
(10 ml.) containing the prolinol (XXXla) , (lOOmg., 0.29 
mmole) and phosphorus pentoxide (lOmg., 0.07 mmole).
After stirring the dark solution for 5 hours at 60—70 
under anhydrous conditions, it was poured into hydrochloric 
acid (2N, 20 ml. ) and the nitrobenzene removed by steam
distillation. The remaining clear solution was basified 
with 40$ sodium hydroxide and extracted with chloroform 
(3x20 ml.). Drying and evaporation of the chloroform
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gave an oily residue which, showed only one major 
component (the starting material) when examined by thin 
layer chromatography.
(c) With boron trifluoride diethyl etherate 
The prolinol (XXXla), (lOOmg., 0*29 mmole)
was heated at 100° with boron trifluoride diethyl etherate 
(5 ml.) under anhydrous conditions for 3 hours and poured 
into hydrochloric acid (2N, 20 ml.). On cooling, the 
solution was basified with sodium hydroxide and extracted 
with ether (3x20 ml.). The combined and dried ether 
layers were examined by thin layer chromatography on 
silica and found to contain only starting material.
(d) With 90jo sulphuric acid
The prolinol (XXXla), (l20mg., 0.3^ mmole) 
was dissolved in 90$ sulphuric acid (5 ml.) at 5-10°C.
Some darkening occurred but no further darkening was 
apparent on warming to 40° for 13 minutes. The solution 
was poured on to cracked ice, basified and extracted with 
ether (3x20 ml.). The combined ether layers were dried 
and evaporated to dryness under reduced pressure, leaving 
a negligible residue. The aqueous layer was neutralised, 
evaporated to dryness under reduced pressure and the 
residue was extracted with hot absolute alcohol. (2x10 ml.) 
Evaporation of the alcohol left a residue which was
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thoroughly dried and re-extracted with absolute alcohol 
(10 ml.). This solution showed a strong blue fluorescence 
under U.V. light and on dilution, exhibited an ultraviolet 
spectrum characteristic of phenanthrene. The Lassaigne 
test for sulphur was positive.
(e) With polyphosphoric acid
The prolinol (XXXla), (lk^mg*, 0.^1 mmole) 
was stirred with polyphosphoric acid (5g*) at 100° for 
30 minutes under a nitrogen atmosphere and the resulting 
dark viscous solution poured into water (100 ml.). This 
solution was cooled with ice, basified with kotfo sodium 
hydroxide and extracted with ether (3x20 ml.). After 
drying and evaporation of the ether, only a negligible 
amount of basic material was found.
(e) With N-phenanthr-9-ylmethyl-L-prolinol and 
silica gel
N-phenanthr-9-ylmethy1-L-prolino1 (200mg.) 
was intimately mixed with finely ground and freshly 
dehydrated silica gel and placed in a semi-micro 
sublimation apparatus. A vacuum was applied (ca 1 mm.) 
and the mixture was heated at l40 —160 for 2 hours. No 
sublimation occurred during this time and on cooling, 
the residue was extracted with chloroform (5 ml.).
The resulting solution was examined by thin layer 
chromatography on silica and contained only starting
material
-136-
3o Attempted halogenation of the prolinol (XXXla)
(a) The prolinol (XXXla), (200mg., 0.58 mmole) 
was heated with phosphorus tribromide (l ml.) for 1 hour 
at 100° under anhydrous conditions. After cooling to 
0—5°9 the excess of phosphorus tribromide was destroyed 
by the dropwise addition of cold water, the final volume 
being adjusted to ca 50 ml. Extraction of this solution 
with chloroform (4x15 ml.) produced, after drying and 
evaporation of the chloroform under reduced pressure, 
an oily residue which solidified on trituration with dry 
ether to give a solid of m.p. 170-180° (230mg.). This 
compound was soluble in acetone, ethyl acetate and 
methanol and was not the required bromide hydrobromide 
(XLlll, Z=Br)• All attempts to crystallise it were 
unsuccessful•
A solution of the product in cold water was basified 
with 40$ sodium hydroxide and extracted with ether 
(3x20 ml.). The combined ether layers were dried, 
evaporated to dryness under reduced pressure and the 
residue taken up in benzene (only partially soluble).
Thin layer chromatography showed that the benzene solution 
was a complex mixture and, on standing, this solution 
deposited an amorphous solid.
(b) The prolinol (XXXla), (200mg., 0.56 mmole) was 
dissolved in dry, alcohol free chloroform and dry hydrogen
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1̂ -8bromide gas (prepared from tetralin and bromine ) was 
passed through the cooled solution for 5 minutes. 
Phosphorus tribromide (l ml.) was added and the solution 
was allowed to stand overnight at room temperature.
Excess phosphorus tribromide was destroyed by the careful 
addition of ice and the acidic solution was extracted 
with chloroform (4x20 ml.). The combined chloroform 
layers were dried and evaporated to dryness leaving a 
semi—crystalline residue of l60mg. Examination of this 
residue by thin layer chromatography on silica showed it 
to be the hydrobromide of the starting material.
(c) Experiment (b) was repeated, but, after the 
addition of phosphorus tribromide, the mixture was 
refluxed for two hours. After work up as in part (a), 
no tractable product was obtained.
(d) The prolino1 (XXXla), (lOOmg., 0.29 mmole) 
was dissolved in dry, alcohol free chloroform (20 ml.) 
and treated with thionyl chloride (0.12 ml., 1.5 mmole) 
and dry pyridine (0.05 ml.). The resulting yellow 
solution was refluxed for 1 hour, poured into water and 
the aqueous layer was basified with cold sodium hydroxide 
(2N.)• Extraction of the suspension with chloroform 
(3x15 ml.) produced, after drying and concentration of 
the chloroform, a complex mixture of compounds as shown
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by thin layer chromatography on silica.
(e) The prolinol (XKXla) , (200mg., 0.58 mmole)
was dissolved in dry, alcohol free chloroform (10 ml.), 
cooled to 0-5° and treated with dry hydrogen chloride 
until saturation of the solution was complete. While 
the solution was still cold, freshly distilled thionyl 
chloride (0 .13g«, 1.1 mmole) was added and the mixture
allowed to come to room temperature over 30 minutes.
After refluxing the solution for 2 hours under anhydrous 
conditions, a white crystalline precipitate began to 
form, which, after 3 hours,was filtered off and washed 
with chloroform saturated with hydrogen chloride. The 
total weight of crystals, which melted at 250-252°
(decomp.), was 190mg. Examination of the product by 
thin layer chromatography on silica and by infrared 
spectroscopy showed it to be the hydrochloride of the 
starting material.
(f) The prolinol (XXXla), (250mg., 0.71 mmole)
was dissolved in a mixture of carbon tetrachloride and 
ether and excess tri-n-octylphosphine (0.4g.) was added.
A precipitate formed immediately and after 30 minutes it 
was filtered off and thoroughly dried. The product (200mg., 
m.p. 243-6° decomp.) was shown, by infrared spectroscopy 
and thin layer chromatography on silica, to be the hydro­
chloride of the starting material.
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(g) The prolino1 (xXXla), (l30mg., 0.37 mmole) 
was refluxed with freshly distilled phosphorus trichloride 
(2 ml.) under anhydrous conditions for 30 minutes. The 
resulting solution was cooled in ice water and the excess 
of phosphorus trichloride destroyed by the dropwise 
addition of cold water. Extraction of the acidic solution 
with chloroform (4x15 ml.), and drying and evaporation of 
the chloroform, produced a residue which was crystallised 
from ethanol/acetone (m.p. 250—2°, de comp 0 ) and which was 
identified as the hydrochloride of the starting material.
4. Attempted tosylation of the prolinol (XXXla)
(a) The prolinol (XXXla), (ll2mg., 0.3 mmole) was
dissolved in dry pyridine (5 ml.) and p- toluene sulphonyl
111chloride (purified according to Pelletier ), (lOOmg.,
0.5 mmole), was added. The solution was allowed to stand 
at 0° for two days (during which time a crystalline 
precipitate was deposited) and was poured into cold water• 
Extraction of the basified, cold solution with ether 
yielded, after drying and evaporation of the ether under 
reduced pressure, 85mg. of a white solid which was 
identified as the starting material.
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(b) The experiment was repeated using dimethyl- 
formamide as solvent with only a trace of* pyridine as 
catalyst. Again, no trace of any tosyl ester was detected 
by infrared spectroscopy or by thin layer chromatography 
on silica.
5 • Reaction of the prolinols (XXXla,b,c) with 
methanesulphonyl chloride
(a) N- ( 2,3-dimethoxyphenanthr-9-yiniethyl ) -2- 
ohlorome thylpyrrolidine (XLlVa, Y=C1)
The prolinol (XXXla), (0.75g*> 2.1 mmole) was
dissolved in pyridine (distilled over potassium hydroxide
and dried over a molecular sieve, type kA, 10 ml.) and
the solution was cooled to 5° and treated with methane-
sulphonyl chloride (250mg., 2.2 mmole). After being kept
overnight in the refrigerator, the light brown solution
was poured into cold water (100 ml.) and the resulting
precipitate was filtered, washed several times with cold
water and dried in a vacuum desiccator over phosphorus
pentoxide. The crude chloride was repeatedly crystallised
from pet. ether (b.p© 40—60 ) to yield 0 .50g. (65$>) °f
the chloride as colourless needles of m.p. 126—7 • (Found:
C,71#7; H,6.7 5 N,3.5. C22H24C1N02 reRuires C’71.^5
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H, 6.5; N,3 -8^)- c*Ud - 20 - 2° (c,0.91 in CHCl^).
Vmax. (Nujol) 1615, 1255, ll6o, 1035, 1025, 843, 760 cm .
The mass spectrum (70eV.) showed signals at m/e 369 (22$);
371 (8<fo) , (Calculated Tor C22H24C1"^N025 369.4) and a base
peak at m/e 251 (100^). The n.m.r. spectrum (CDCl^) 
showed signals at '7*'1.50 (2H,m,C3~H and C8-H)5 1.97
(lH,s,C^-H); 2.28 to 2.45 (3H,m,C6-H, C7-H and C10-H);
2.73 (lH,s,Cl-H); 5.63 and 6.33 (2H,ABq, J13 •0Hz,ArCH^N)5 
6.10 (2H, s ) 5 5.92 and 5.98 (6h , 2 s , 2xOCH3 ) ; 7*03 ( 2H, m, C51-H2) 5
8.25 (4H,m,C31-H2and C41-H2) <>
(b) N- (2,3,6-"trimethoxyphenan.thr~9-"YlmQltiyl) -2-chlorome thylpyrro lidine^ (XLlVb , Y-Cl)
The prolinol (XXXlb), (0.3g., 1-3 mmole) was 
dissolved in dry pyridine (lO ml.) and treated with 
methanesulphonyl chloride (0.l6go, 1.4 mmole) as described 
Tor the dimethoxy compound in part (a). The crude chloride, 
isolated in the same way, was dried over phosphorus pentoxide 
and crystallised Trom pet. ether (b.p. 60—80 ), to yield the 
chloride (0.33g. , 63$) as colourless needles oT m.p. 167-8 .
(Found: C,68.9; H,6.6 ; N,3.6. C23H26C1N°3 recLuires 
c,69.15 H,6 .6 ; N,3-5$). Q<| - 20 " 2 (c,0.93 in CHCl^).
Y*max. (Nujol) 1620, 1610, 1260, 1250, 1233, 1203, ll60,
1063, 1033, 1030, 830 cm“1. The n.m.r. spectrum (CDCl^)
showed signals at 7^ 1.62 and 1.78 (lH, d, J9 • 0Hz , C8-H) ;
2.08 and (2.12, obscured) (lH, d, J2.3Hz , C5-H) ; 2.12
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(lH,s,C4-H); 2.57 (lH,s,C10-H); 2.70 and 2.83 (lH.d.d,
J7,89 *0Hz, J5 73.0Hz,C7-H); 2.79 (lH,s,Cl-H); 5.68
(1H, "Va ,J12.5Hz,Cll-H) ; (V b obscured) 5 5*92, 5.98 and
6.00 (9H,3s ,3x OCH ); 6.15 (2H,s); 8.37 (4H,nyC31-H*and
C41-Hj) .
( e) N-(2,3 9 6,7-tetramethoxyphenanthr~9-yliflethyl)-2- 
chloromethylpyrrolidine (XLlVc, Y=»C1)
The prolino1 (xXXlc), (0.5g*> 1.2 mmole) was
dissolved in dry pyridine (10 ml.) and treated with
methanesulphonyl chloride (0 .2g. , 1.75 mmole) as described
Tor the dimethoxy derivative in part (a). The crude
chloride, isolated by the same procedure, was dried over
phosphorus pentoxide and crystallised from benzene/pet,
ether (b.p. 60-80°) to yield the chloride (0.3^g*> 65$)
as colourless needles oi m.p. 199—200 • Found: 0,67*3;
H, 6.7; N,3-3. C24H28C1N04 re(iuires 0,67.1; H,6.6 ;
N, 3.3$) . ~  20 i 2° (c.0.99 in CHCl,̂ . V ’max.
(Nujoi) 1615. i5io, 1275, 1260, 1245, 1200, 1155? 1035?
770 cm-1. The n.m.r. spectrum (CDC1„) showed signals at 
2.12 and 2.20 (3H,m,C4-H, C5-H and C8-H); 2.54
(1H,d,J2.5Hz,C10-H) ; 2.80 (lH,s,Cl-H); 5-60 (lH,d,J = 13Hz
Cll-H); signal for other Cll-H obscured); 5*87, 5*95? 
5.97 (12H,3s,4x 0CH„ ); 6.13 (2H, d ,J1.5Hz); 8.25
(4H,m, C31-HilC41-l4) .
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6. Attempted cyclialkylation of- the chloride (XLXVa, Y = Cl)
The chloride (XLlVa, Y=Cl), (43mg., 0.1 mmole) was 
dissolved in dry dichloromethane, the solution cooled to 
5-10° and aluminium chloride (40mg., 0.3 mmole) added.
The mixture was allowed to come to room temperature over 
30 minutes, kept at this temperature Tor h hours and was 
poured into hydrochloric acid (10 ml., 2N.). The aqueous 
layer was basified with kofo sodium hydroxide, extracted 
with ether (3x20 ml.), the combined ether layers were 
dried, and concentrated to a small volume. The contents 
of this solution were compared chromatographically on 
silica with an authentic sample of the expected product 
but this comparison showed that no cyclialkylation had 
occurred«
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D. PREPARATION OF THE PROLINES AND CYCLIACYLATION
1• Preparation of the prolines
(- ) -N-2,3-Dimethoxyphenanthr-9-ylniethyl-L- 
proline (XXlXa)
A solution of the benzyl ester (XXVllla), (l.Og.,
2.2 mmole) in methanol (75 ml.) containing cone, hydro­
chloric acid (0.5 ml.) and platinum metal (from the 
prehydrogenation of Adams catalyst (l50mg.) in methanol 
(20 ml.)) was shaken overnight in an atmosphere of 
hydrogen at room temperature and pressure. The catalyst 
was filtered off and the resulting solution evaporated to 
dryness under reduced pressure. After being refluxed 
with dry acetone (30 ml.) and cooled, the amino —acid 
hydro chloride was filtered and washed with a small 
volume of acetone. Yield: 0.75g. (85$). The analytical
sample was recrystallised from methanol/acetone (colourless 
prisms) and melted at 217—20 (decomp.)• (Found: C,65*9$
H, 6.0 ; N, 3* 3 • C22H24C1N04 re(lu:Lres c >65.8$ H,6.0j
N,3-5$). * ] «  - Xh t 2° (C, 0.88 in 90$ ethanol).
V^max. (Nujol) 3̂ +00 broad, 1735* 1620, l6l0, 1260, ll60, 
1060, 1025, 850, 760 cm“1. X  max. (Ethanol) 259
(log G  4 .7 2); 278 (4.43)5 336 (3 .3 1); 353 (3 .2 3);
I  inf1. 297 (4.02)5 305 (3.93).
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(- )-N-2,3, 6 -Trimethoxyphenanthr~9-ylmethy1-L- 
proline (xXlXb) ' '
Ifyd.rogenolysis of the benzyl ester (xXVlllb), (l.l3g., 
2.k mmole) was carried out in methanol solution by the 
method described for the dimethoxy benzyl ester (XXVllla), 
using cone, hydrochloric acid (0.3 ml.) and Adams catalyst 
(l60mg.). The crude amino-acid hydrochloride was refluxed 
with dry acetone (30 ml.),cooled and filtered to yield
0.77g. (75$) of colourless prisms of m.p. 213-9° (decomp.). 
The analytical sample was recrystallised from methanol/ 
acetone and melted at 220-1° (decomp.). (Found: 0,63.85 
H, 6.1; N,3«3* C^H^CINO^, requires 0,64.05 H,6.1;
N,3-2$). <*]« - 4 t 2° (C,1.6 in 90$ ethanol).
V 1« ax. (Nujol) 1735, 1623, 1320, 1260, 1213, 1163, 1065,
840 cm ^ \  max. (Ethanol) 24l nytA (log ^  4.31)5
260 (4.73)5 284 (4.30)5 3^0 (3 .18)5 Ainfl. 312 (4 .02)5
357 (2.54).
i=l -N-2,3,6,7-Tetramethoxyphenanthr-9-ylmethyl-L- 
proline (XXlXc) '
Hydrogenolysis of the benzyl ester (xXVlllc), (l.Og.,
(1.93 mmole) was carried out as described for the dimethoxy
benzyl ester (XXVllla) using cone, hydrochloric acid
(0.5 ml.) and Adams catalyst (l50 mg.)» The crude
amino-acid hydrochloride was refluxed with dry acetone
(30 ml.), cooled, and filtered to yield 0.69g. (78$) of
colourless amorphous solid0 The analytical sample was
- 1 4 6 -
cry S t al Used from methanol/acetone (colourless prisms) 
and melted at 21^-6° (decomp.). (Found: 0,62.4;
H,6.1; N,2.9- C^H^gClNO^ requires 0,62.4; H,6.1;
N,3*0%). o <]d - 15 - 2° (c, 1.75 in 90fo ethanol).
Vmax. (Nujol) 1740, 1620, 1510, 1260, 1155, 1065,
1040, 775 cm ^. X  max. (Ethanol) 241 m u  (logé. 4.42); 
259 (4.82); 286 (4.48); 340 (3 .3 3); 357 (3 -2 6);
X  infl. 300 (4.21); 314 (3 .9 1).
N-2,3,5,6-Tetramethoxyphenanthr-9-ylme thy 1-L- proline (xXlXd)
Hydrogenolysis of the benzyl ester (XXVllld), (l.5g*, 
2.9 mmole) was carried out in methanol (lOO ml.) containing 
concentrated hydrochloric acid (0.5 ml.) and Adams catalyst 
(l60mg.) using the method described for the dimethoxy ester 
(XXVllla). The crude acid hydrochloride was isolated as 
previously described and recrystallised from methanol/ 
acetone to yield the amino-acid hydrochloride (l.lg., 82^) 
as colourless needles of m.p. 214-6 (decomp.). (Found:
C,6 2.15 H,6.3 5 N ,2.9• C24H28C1N06 requires 0,62.4;
H, 6.1 ; N,3*0 </o) . V max* (Nujol) 3^00 (broad), 173 3,
1610, 1515, 1290, 1255, ll6 0, 1100, 1010, 900, 775 cm“1.
X  max. (Ethanol) 253 m (logé 4 .7 7); 313 (4.04) ;
321 (4.0 3); 342 (3 .39); 359 (2.89).
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2• Preparation of the prolyl chloride (LVa)
(a) The amino-acid hydrochloride (XXlXa), (200mg.,
0.5 mmole) was suspended in dry chloroform (20 ml.) and, 
after the addition of thionyl chloride (0.15 ml., 2.Q 
mmole) and dimethylformamide (l drop), the mixture was 
stirred for 2 hours at 25°• The resulting yellow 
solution was evaporated to a small volume under reduced 
pressure and the residue dried in a vacuum desiccator 
over potassium hydroxide. Examination of the residue 
by infrared spectroscopy showed that some acid chloride 
had formed ( \^1800 cm ) but it was found to be very 
difficult to purify.
A similar result was experienced when the amino-acid 
hydrochloride (XXlXa) was reacted with oxalyl chloride in 
acetyl chloride as solvent, oxalyl chloride in excess 
oxalyl chloride and phosphorus pentachloride in acetyl 
chloride, under conditions identical to those described 
above •
(b) The amino-acid hydrochloride (XXlXa), (200mg., 
0.5 mmole) was treated with thionyl chloride (0.15 ml.,
2.0 mmole) in dry dimethylformamide (10 ml.) at 90° for 
1 minute under anhydrous conditions. The excess of 
thionyl chloride was removed under reduced pressure and 
the residual solution was stored over potassium hydroxide
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under vacuum. Examination of the solution by infrared 
spectroscopy showed that no acid chloride was present 
and no starting material remained. This solution was 
poured into hydrochloric acid (lO ml., 2N,) and the brown 
precipitate filtered and dried, A sodium fusion test on 
the residue showed the presence of sulphur.
The experiment was repeated using oxalyl chloride 
in place of thionyl chloride. No trace of either the 
amino-acid chloride or the starting material could be 
found, but an unidentified basic material of m.p. 170—5° 
was isolated in low yield (ca 5^)*
(c) The amino-acid hydrochloride (xXlXa), (lOOmg., 
0 .2 5 mmole) was suspended in dry dichloromethane (lO ml.) 
at a temperature of 5-10°. Phosphorus pentachloride 
(lOOmg., 0.^8 mmole) and dimethylformamide (l drop) was 
added and the mixture was stirred at this temperature for 
30 minutes under anhydrous conditions. Dry ether (5 ml.) 
was added and the suspension was filtered using a dry 
sintered glass crucible (No«, 4), care being taken to 
exclude moisture. After washing the residue once with 
dry carbon tetrachloride and once with dry ether, it was 
finally dried over potassium hydroxide in vacuo« Yield: 
almost quantitative. *V^max. (Nujol) 1800 cm ^. The
acid chloride (LVa) was very sensitive to atmospheric
-149-
moisture and was used immediately alter drying over 
potassium hydroxide.
The trimethoxy amino-acid chloride (LVb) and the 
tetramethoxy amino-acid chloride (LVc) both required 
longer reaction times and higher temperatures (15-20°) 
for preparation, using the above reagents.
3 o Cycliacylation attempts with the prolyl chloride (LVa)
(a) The amino—acid chloride (LVa), (lOOmg., 0,25 
mmole) was dissolved in dry nitrobenzene (20 ml.) and 
aluminium chloride (l30mg., 1.0 mmole) was added. The
dark solution was stirred at 40° for 1 hour, was poured 
into hydrochloric acid (20 ml., 2N.) and extracted with 
ether (2x20 ml.). The combined organic phases were 
washed twice with dilute hydrochloric acid (5 ml., 2N. ) 
and the washings combined with the original solution 
which was cooled and basified with KÔ o sodium hydroxide 
to pH 8.5. The suspension was extracted with ether 
(4x20 ml.), the ether dried, and concentrated to a small 
volume. Thin layer chromatography on silica established
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that the main basic product of the reaction was not the 
ketone (xXXa) and no trace of this ketone was found.
(b) The above reaction was repeated using carbon 
disulphide as solvent and the basic products were isolated 
as before. Chromatographic comparison of the reaction 
products with authentic ketone showed that a trace of the 
required ketone was formed.
(c) The above reaction was repeated using a mixture 
of nitrobenzene and carbon disulphide as solvent. The 
basic reaction products were isolated as previously 
described and were compared chromatographically with 
authentic ketone, (XXXa). Only a trace of ketone was 
found to be present.
(d) Reaction (a) was repeated in dichioromethane 
solvent using aluminium chloride as catalyst, in carbon 
disulphide with aluminium bromide, and in chloroform 
with aluminium chloride. Tn all cases, only a 
chromatographic trace of the required ketone (XXXa) was 
detected.
(e) The amino-acid chloride (LVa), (lOOmg. 0.25
mmole) was suspended in dry carbon disulphide and titanium
(IV) chloride (0.19g., 1.0 mmole) was added. The mixture
was stirred at 20° for 30 minutes, was poured into
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hydrochloric acid (20 ml., 2N.) and extracted with, ether 
(2x20 ml.). The aqueous solution remaining was cooled, 
basified to pH 8.5 with kofo sodium hydroxide and extracted 
with ether (3x25 ml.). Chromatographic comparison of the 
reaction products with a sample of authentic ketone (XXXa) 
showed that only a trace of ketone was produced.
(f) The amino—acid chloride (LVa), (500mg.) was
heated in a stoppered flask with polyphosphoric acid (lOg.), 
prepared as described by Bevis et al, for 3 hours at 
90°C. The resulting dark viscous solution was dissolved 
in water (250 ml.), cooled with ice and basified to pH 8.5 
with k0</o sodium hydroxide. No precipitate of the expected 
ketone (XXXa) was formed.
The experiment was repeated with polyphosphoric acid
150 •prepared according to Dev J and commercial polyphosphoric
acid with the same results.
4. Cycliacylation attempts with the proline
hy dr o chi oride (XXlXa)
(a) The amino—acid hydrochloride (XXlXa), (200mg., 
0.5 mmole) was placed in a platinum crucible in an 
efficient fume cupboard and ca 5g* of anhydrous liquid
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hydrogen fluoride was added. A platinum lid was placed 
on the crucible and the solution was allowed to stand 
overnight, during which time, all of the hydrogen fluoride 
evaporated. The residue was dissolved in water (4 drops) 
and absolute ethanol (10 ml.), filtered and evaporated to 
dryness. This residue was taken up in acetone, hydro­
chloric acid (l drop, ION.) was added and on cooling,
190mg. of colourless crystals were deposited. Spectroscopic 
and chromatographic evidence established that the crystals 
were the starting material.
The experiment was repeated in a screw top copper 
tube sealed with a teflon ring. The anhydrous liquid 
hydrogen fluoride remained in contact with the amino—acid 
(XXlXa) overnight at a small pressure at room temperature. 
The excess of hydrogen fluoride was evaporated and the 
product isolated as before. No trace of the expected 
ketone (XXXa) was found and the starting material was 
recovered almost quantitatively.
(b) With trifluoroacetic anhydride
The amino—acid hydrochloride (XXlXa), (lOOmg., 
0 . 2 5  mmole) was suspended in dry benzene (10 ml.) and 
trifluoroacetic anhydride (0.15s«) was added« Solution 
of the hydrochloride was almost immediate but the mixture 
was allowed to stand at room temperature for 35 minutes.
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Thin layer chromatographic examination of the reaction 
progress showed that the acid was rapidly converted to 
a single product and that conversion was essentially 
complete after 30 minutes. The benzene solution was 
extracted with hydrochloric acid (2N., 3x10 ml.), the 
combined acid layers cooled, basified with sodium 
hydroxide (2N.) and extracted with ether (3x15 ml.).
The ether was dried and evaporated under reduced pressure 
to produce a residue which was not the expected ketone 
(XXXa).
(c) With phosphorus oxychloride
The amino—acid hydrochloride (XXlXa), (lOOmg®, 
0 .2 5 mmole) was suspended in phosphorus oxychloride 
(ca 1 ml.) and heated in an oil bath at 110° until all 
the hydrochloride had dissolved and gas evolution had 
ceased (ca 3 minutes); leaving a clear, pale yellow 
solution. After cooling the flask in an ice bath, the 
excess of phosphorus oxychloride was destroyed by the 
careful addition of cold water and the cloudy solution 
was heated on a boiling water bath for 5 minutes. The 
resulting solution was cooled, saturated with sodium 
perchlorate, cooled in an ice bath and filtered. The 
residue was dried over phosphorus pentoxide to yield 
llOmg. of the crystalline perchlorate (LVll) which was 
unstable in air. Ymax. (Nujol) 1680, 1625, 153-5,
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1265, 1170, 1100 (C10T) cm"1.
The perchlorate was dissolved in methanol and 
hydrogenated over pre-reduced Adams catalyst (from 50mg. 
of platinum oxide) at room temperature and pressure until 
hydrogen uptake had ceased. After removal of the 
platinum, the solution was poured into cold water, basified 
and extracted with ether (3x20 ml.). The ether was dried, 
evaporated to dryness and the residue was crystallised 
from pet. ether (b.p. 60-80°) to yield 85mg. of colourless 
crystals of m.p. 130—132°. T̂he hydrochloride (from
absolute ethanol) melted at 216-7 Ŷ**13̂ * (Nujol) 1620,
1515, 1260, 1165, 855, 755 cm-1. The mass spectrum 
showed peaks at m/e 321 (calculated for C21H23N°2321'4) 
and a base peak at m/e 252* The n.m.r. spectrum (CDCl^) 
showed signals at 7^ 1.57 (2H,m,C5-H and C8-H) ; 2.08
(1H,s ,c4-H); 2.40 to 2.57 (3H,m,C6-H, C7-H and C10-H);
2.85 (lH,s,C10-H); 6.00 and 6.07 (6h ,2s,2xOCH^); 6.03
(2H, s , ArCH^N) 5 7.42 (4H,m, C21-Haand C51-hl); 8.27
(4H,m,C3 -H*and C4 -H^.
The above hydrogenated base (50mg.) was dissolved 
in glacial acetic acid (5 ml.) containing perchloric 
acid (l drop) and was hydrogenated over palladium on 
charcoal at 25 p.s.i. at 55-60° for 30 minutes. The 
solution was filtered hot, poured into water (100 ml.),
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basified with hO% sodium hydroxide and extracted with 
ether (3x20 ml.). Alter drying and evaporation of the 
ether, the residue was crystallised from pet. ether 
(b.p. 40-60°) to yield 25 mg. of 2,3-dimethoxy-9-methyl- 
phenanthrene of m.p. 142-3°. (Mixed m.p. with an authentic 
specimen,142-3°).
5 • Cycliacylation of the proline hydrochlorides' (XXlXa, b , c, d )
9 , 1 1 , 1 2 , 1 3 , 1 3 a , l 4 - H e x a h y d r o - 2 , 3 - " d i m e t h o x y - l 4 -  
o x o d i b e n z o  ( f , h )  p y r r o l o  ( 1 , 2 —b  ) - i s o q u i n o l i n e  (XXXa)
The amino-acid hydrochloride (XXlXa), ( 0 . 5 g « ?  1 . 2 5
m m o l e )  w a s  h e a t e d  i n  a  s t o p p e r e d  f l a s k  w i t h  p o l y p h o s p h o r i c
a c i d  ( 1 2 g . ) ,  ( f r e s h l y  p r e p a r e d  f r o m  o r t h o p h o s p h o r i c  a c i d ,
d . 1 . 7 5 ,  7 g .  a n d  p h o s p h o r u s  p e n t o x i d e , 8 g . ) i n  a  p a r a f f i n
b a t h  f o r  4  h o u r s  a t  a  t e m p e r a t u r e  b e t w e e n  8 8  a n d  92 .
The deep red-brown viscous liquid was dissolved in water
(500 m l . )  a n d  t h e  y e l l o w  s o l u t i o n  w a s  c o o l e d  w i t h  i c e  a n d
basified with h0% sodium hydroxide to pH 8.5. The
precipitate was extracted with ether (4x50 ml.) and the
c o m b i n e d  e t h e r  l a y e r s  w e r e  d r i e d  a n d  e v a p o r a t e d  t o  d r y n e s s
u n d e r  r e d u c e d  p r e s s u r e .  C r y s t a l l i s a t i o n  o f  t h e  r e s i d u e
f r o m  m e t h a n o l  y i e l d e d  t h e  k e t o n e  ( l 5 1 m g ® ,  3 5 % ) a s  y e l l o w
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needles, m.p. 169—71 (decomp.). Mass spectral molecular 
weight 347« Calculated for C22H21N°3 3^7A* Vmax. 
(Nujol) 1685, 1630, l6l0, 1260, 1155, 1025, 870, 760 cm-1.
A  max. (Ethanol) 247, 26 5, 338 m/LA, Ainfl. 297 nyt*.
9 » 11,12,13,13n, l4-Hexahydro~2,3 » 6-trimethoxy-l4- 
oxodibenzo ( f, h )pyrrolo ( l, 2-b /-isoquinoline (xXXb )
The amino-acid hydrochloride (xXlXb), (200mg.) was 
treated with freshly prepared polyphosphoric acid (4g.) 
by the method described for the dimethoxy amino-acid 
(XXlXa)• After k hours, the dark viscous solution was 
poured into water and the product was isolated as previously 
described. The crude ketone was crystallised from acetone 
to yield 60mg. (30^) of light yellow needles melting at
186-7° (decomp.). o/l^3 0 ~ 2° (C,2.8 in CHCl^). Mass 
spectral molecular weight 377» Calculated for 
C23H23NV  377.4. Ymax. (Nujol) 1680, l6l5, 1410,
1 2 5 5, 1200, 1145, 1135, 1030 cm-1. X max « (Ethano1)
2 5 2, 273, 290, 3k5 m .
9,11,12,13,13a,l4-Hexahydro-2,3,6,7-tetramethoxy-l4- 
oxodibenzo ( f, h 7 pyrro 1 o ( 1,2-b ) -i soquino 1 ine (XXXc )
The amino-acid hydrochloride (xXIXe), (390mg.) was 
treated with freshly prepared polyphosphoric acid (8g.) 
by the method described for the dimethoxy amino-acid 
(XXlXa). After k hours, the dark viscous solution was
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poured into water and the product was isolated as 
previously described. The crude ketone was crystallised 
from acetone to yield 85mg0 (25$) of yellow needles
melting at 232—4 (decomp.). Mass spectral molecular 
weight 407. Calculated for C24H25N°5 ’ ^07„5.
Vmax. (Nujol) 1680, 1615, l4l0, 1270, 1200, 1140, 1025, 
840 cm"'*'. A max. (Ethanol) 270, 292, 350 rn££ •
9,11,12,13,13a.l4-Hexahydro-2,3, 5,6-tetramethoxy-l4- 
oxodibenz o (f, h ) pyrrolo (1,2 -b ) -i s oquino line (XXXd)
The amino-acid hydrochloride (XXlXd), (800mg.) was
treated with freshly prepared polyphosphoric acid (l2g.)
by the method described for the dimethoxy amino-acid
(XXlXa). After 4 hours, the dark viscous solution was
poured into water and the ketone was isolated as
previously described. The crude base was crystallised
from acetone/methanol to yield the required ketone
(l52mg., 22$) as light yellow needles of m.p. 169-70°
(decomp.). Mass spectral molecular weight, 407.
Calculated for C^H^NO^, 407.5. Vmax. (Hexachloro-
butadiene) 1670, 1510, l4l0, 1290, 1255* 1115 cm •
max. (Ethanol) 263 (log6* 4.63); 280 (4.68);
350 (4.09) 5 ^infl. 303 (4.32).
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E. PREPARATION OF THE PHENANTHROINDOLIZIDINES
1. Unsuccessful attempts
(a) The ketone (XXXb), (40mg.) was heated with 
hydrazine hydrate (0.2 ml#, 99%) and potassium hydroxide 
(O.lg.) in digol (5 ml.) at 150° for 1 hour. The dark 
solution was diluted with water (100 ml.) but no precipitate 
formed. Perchloric acid (l ml.) and sodium perchlorate 
(2e-) were added, the mixture cooled and the precipitated 
perchlorate salt was filtered off, converted to the free 
base and stored overnight in a solution of diazomethane
in ether. No (l)-antofine (XXXllb) was detected 
chromatographically in this solution.
(b) The ketone (XXXb), (60mgo) was dissolved
in glacial acetic acid (10 ml.) containing perchloric 
acid (l drop) and hydrogenated over 5% palladium on 
charcoal (65mg.) at 50-60° and 30 p.s.i. pressure for 
1 hour. After this period, no change was detected 
chromatographically• The pressure was increased to
105 p.s.i. and the experiment repeated but no change was 
detected chromatographically.
(c) The ketone (XXXb), (50mg.) was dissolved in 
methanol (5 ml.) and tetrahydrofuran (5 ml.), treated with 
sodium borohydride (o.lg.) and the mixture refluxed for
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1 hour. This solution was diluted with water (100 ml.), 
cooled, filtered and the residue dried and dissolved in 
glacial acetic acid (10 ml.) containing perchloric acid 
(l drop). Palladium on charcoal (5$, 50mg.) was added 
and the mixture was hydrogenated at 45 p.s.i. for 1 hour 
at 65 • No change was detected chromatographically.
(d) The ketone ( x x x b ) ,  (50mg.) was reduced by sodium 
borohydride by the method described in part (c). The 
resulting hydroxy-base was dissolved in hydrochloric 
acid (7o 5N. ) , treated with zinc amalgam (lOg. ) and 
refluxed for 4 hours. No change occurred over this 
period as shown by thin layer chromatography. 2
2. Reduction of the tosyl hydrazides
9,11.12,13,13a,l4-Hexahydro-2,3-dimethoxydibenzo 
Tf,hjpyrrolo(1,2-b)-isoquinoline.(2,3-Dimethoxyphenanthroindolizidine) (XXXIla)
The ketone (XXXa), (244mg., 0.7 mmole) was dissolved 
in digol (10 ml.) by heating at 100° in a paraffin bath. 
The yellow solution was cooled to ca 50°, treated with 
tosyl hydrazide (o.4g., 2.1 mmole) and reheated in an open 
flask at 150° for 30 minutes in a paraffin bath. After
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cooling to room temperature, the solution was diluted 
with tetrahydroturan (10 ml*), treated with a large 
excess of sodium borohydride (0.5g*)j protected from 
moisture and refluxed for 1 hour. This solution was 
poured into water (200 ml.) and extracted with dichloro- 
methane (4x20 ml.), the combined organic phases were 
washed with water, dried and evaporated to dryness under 
reduced pressure. The residue was dissolved in chloroform 
(10 ml.) and eluted through a column of neutral alumina 
(log.) with chloroform. The progress of the desired 
base could be followed by its blue fluorescence under 
U.V. light and it was rapidly eluted from the column. 
Evaporation of the chloroform gave a yellow solid which 
was recrystallised from acetone to yield 125mg. (̂ bfo) of 
the phenanthroindolizidine of m.p. 206-7° (decomp.)
(Found: 0,79*1-5 H, 7*0; N,4.2. C22H23N02 requires
C,79.3j H,7•0; N,4.2$). 0<jp2 0 - 2 °  (C,0.51 in
chloroform ). Nŷ max* (Nujoi) 1615, 1600, 1260, 1205,
1170, 1035, 1030, 845, 750 cm-1. X  max. (Ethanol)
257 m /j. (log € 4 . 6 8 ) 5  279 (4.43); 335 (3 *27)5 352
(3.21)5 X. infl. 320 (3.30). The mass spectrum (70 eV.) 
showed a molecular ion at m/e 333 (40$) (calculated
molecular weight 333*^0 and a base peak at m/e 264 (l00^)® 
The n.m.r. spectrum (lOOMc in CDCl^) showed signals at 
7- 1.53 (1H,m,C5-H) 5 2.05 (1H,s ,C4-H); 2.17 (lH,m,C8-H)$ 
2.50 (2H,m, C6 and C7-H) 2.75 (lH,s,Cl-H)$ 5*32 and 6.33
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( 2H, ABq, J 1 5  • 5Hz , ArCH^N) ; 5-92 and 5-98 (6h , 2 s , 2xOCH^ ) $
6.01 (2H,s,Cl4-H2).
9,11,12,13,13a-, l4-Hexahydro-2,3 , 6-trimethoxydibenzo
(f ,h)pyrrolo (1,2-b )-isoquinoline.
((±)-Antofine (XXXIlb)
The ketone (XXXb), (0.l4g., 0.37 mmole) was treated 
with tosyl hydrazide (0.23g., 1.2 mmole) and sodium 
borohydride (0.3g) hy the method described Tor the dimethoxy 
ketone (XXXa) • The resultant base was isolated by the same 
procedures and was recrystallised from acetone to yield 
( i )-antoTine , 79mg. (58$) as colourless needles oT m.p.
213-5°. (lit.151 213-5°). cJ\l3 o  t 2° (c,1.65 in CHC13).
Vmax. (Nujol) 1620, 1610, 1515, 1420, 1260, 1210, 1180, 
1035, 845, 835 cm“1. JVmax. (Ethanol) 258 (log 6 4.68)
287 (4.43); 342 (2.97)'$ 360 (2.6 3). The n.m.r. spectrum
(DMS0) showed signals at 1.93 (lH,s,C4-H); 1.96
(lH,d,J2.5,C5-H, one halT oT the doublet is obscured by 
the C4-H peak ) 5 2.21 (lH, d, J9.0Hz , C8-H) 5 2.66 (lH,s,Cl-H)j 
2.73 and 2.87 (lH, d.d, g8.5Hz , ^2.5Hz , C7-H) $ 5.45
(lH,d, Jl6.0Hz , C9-H, the remaining halT oT this AB quartet 
is obscured) 5 5*95, 6.00, 6.03 (9H,3s,3x0CH^)• The U.V.
and n.m.r. spectra were identical to those described Tor
19natural antoTine.
The methiodide, prepared as described by Wiegrebe 
et al19 and crystallised Trom absolute ethanol, melted
at 204-5° (lit.19 206°).
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9 ?11,12,135 13&, l4-Hexahyd.ro-2 , 3 » 6 ,7-tetramethoxydibenzo(f}h)pyrrolo(1,2~b)-isoquinoline«
( ( ± )-Tylophorine) (XXXllc) '
The ketone (XXXc), (64mg., 0.l6 mmole) was treated 
with tosyl hydrazide (lOOmg., 0.54 mmole) and sodium 
borohydride (o.2g.) by the method described for the 
dimethoxy ketone. (XXXa). The resultant base was isolated 
by the same procedures and was recrystallised from 
chloroform/methanol to yield ( — )-tylophorine , 31 mg. (50fo) 
as light yellow crystals of m.p. 285-9° (decomp.), (lit^
292 (decomp.). Vmax. (Nujol) 1620, 1515, 1250, 1215, 
1200, 1155, 1150, 1020, 845 cm X  max. (Ethanol)
256 mjUL (log £ 4.77) 5 288 (4.46); 302 (4.2l); 339 (3 -26);
355 (2.92). X» infl. 322 (3*30). The infrared and 
ultraviolet spectra of the synthetic (-) tylophorine were 
identical to those of natural tylophorine. The synthetic 
and natural bases were chromatographically identical in 
the following systems
(i) butanol/acetic acid/water; 12/3 /5 on silica,
(ii) chlorof orm/methanol 5 95/5 on silica, and
(iii) benzene/chloroform 5 l/l on alumina
9,11.12,13,13a,l4-Hexahydro-2,3,5,6-tetramethoxydibenzo
(f,h)pyrrolo(1,2-b)-isoquinoline.
((±)-Tylocrebrine) ( XXXIId)•
The ketone (XXXd), (244mg., 0«7 mmole) was treated 
with tosyl hydrazide (0.4g., 2.1 mmole) and sodium 
borohydride (0.5g*) by the method described for the
- 1 6 3 -
dimethoxy ketone (XXXa). The resultant base was Isolated 
by the same procedure and was recrystallised once from 
acetone and thence from methanol to give (1)-tylocrebrine 
(65mg., 56$) of m.p. 216-8° (decomp* )• Vmax. (Nujol) 
16 00, 1515, 1285, 1255, 1165, 1115, 1035, 780 cm-1.
7^ max. (Ethanol) 262 myu. (logé 4.80); 305 (4.00);
316 (3-95); 3^4 (3.22); 361 (3-09); Jlinfl. 278 (4.42);
284 (4*36). The n.m.r. spectrum (lOO Mc,CDCl^) showed 
signals at ^  2.35 and 2.44 (lH,d, J9.0Hz, C8-H) ; 2.71 and
2.80 (lH,d,J9•0Hz,C7-H, downfield peak obscured); 2.70 
(s,CI-H); the C4-H peak is obscured; 5.93* 5»95> 5*99» 
6.08 (12H,4s ,4x 0CH^); 5.38 and 6.34 (2H, ABq,J15.0 Hz,
C9-H2); 8.12 (4H,m,C12-H2 and C13-H2). The infrared
and ultraviolet spectra were identical to those described 
for natural tylocrebrine and the synthetic and natural 
bases were chromâtographically identical in the systems 
described for (Î)-tylophorine (XXXllc).
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